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EDITORS' FOREWORD
This proceedings is the product of Quail III: National Quail Symposium held in Kansas
City, Missouri, 14-17 July 1992. Quail III is the third in a series of quail symposia
previously held in Stillwater, Oklahoma, 1972 and 1982. Quail III was proposed and
originated by the Kansas Department of Wildlife and Parks and the Missouri Depart
ment of Conservation.The goal of the conference was to provide a forum for biologists,
managers, and conservationists to exchange technical information pertaining to the
status, management, research, and future of the 6 species of indigenous quail in the
United States.
Quail III was attended by >350 participants representing private individuals, govern
ment agencies, and non-governmental organizations from throughout the country.The
conference endeavored to address the needs of researchers, managers, and ad
ministrators through a combination of formal and informal activities. The plenary,
technical, and poster sessions offered state-of-the-art accounts of quail conservation.
The strategic planning workshop, organized by Leonard A Brennan, resulted in a
comprehensive document providing direction for management and research well into
the 21st century.This unique initiative sets the stage for similar efforts as issues and
strategies change in the future. The field trips offered participants the opportunity to
view bobwhite habitat and management techniques on a small farm (Hannah Farm),
a large power plant site (Jeffrey Energy Center), at Fort Riley, and on Konza Prairie.
In addition, a tour was hosted by Sharp Bros. Seed Company to learn about establishing
and managing native grasses and forbs.Last, was a special opportunity for participants
to acknowledge the valuable contributions of "retired" quail biologists.Recognition was
paid during an evening banquet to W.D. Klimstra, Edward L. Kozicky, Robert Pierce
Sr., Walter Rosene, and Jack Stanford.
Seventy-two authors provided 29 manuscripts and 11 abstracts for this proceedings,
which was sponsored largely by U.S. Fish and Wildlife Service Federal Aid in Wildlife
Restoration funds. All manuscripts have been carefully reviewed and subjected to the
highest standards of the wildlife profession. As a result of the efforts by authors and
reviewers, we believe this proceedings will serve as a valuable reference for students,
biologists, managers, and administrators involved in the conservation of quail in the
United States. We trust readers will enjoy this proceedings and benefit from the wealth
of original information. More importantly, we sincerely hope that Quail III and this
proceedings will contribute to the conservation of quail-which is truly the measure of
success.

Kevin E. Church

Thomas V. Dailey

iv
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THE HISTORY OF QUAIL MANAGEMENT WITH COMMENTS ON
PEN-REARING
EDWARD L. KOZICKY, Caesar Kleberg Wildlife Research Institute, Texas A&I University, Kingsville,
TX 78363
Abstract: Quail were present in the Lower Oligocene about 40 million years ago. The remains of northern bobwhite

(Colinus virginianus) have been found in Indian middens in the eastern United States, but these birds were not
considered a preferred food. However, California quail (Callipep/,a californica) were a choice food of Native
Americans. Bobwhite are the most prized species by sportsmen, with the California quail in second place. There
is evidence that northern bobwhite reached unprecedented numbers over large geographical areas, especially along
their northern range in the mid-1800's. California and Gambel's quail (C. gambelii) were abundant in the mid- to
late-1800's. From a social standpoint, the importance of northern bobwhite in promoting sportsmanship afield has
never been fully appreciated. The bobwhite created a gentleman's way of life in the South that is steeped in socially
accepted tradition which has been fostered and respected by sportsmen through the years. By its very nature,
bobwhite hunting brings out the best in men and dogs. The eternal pursuit of perfection by man has made quail
the hunting sport of choice by Americans. With ever-decreasing quail habitat and a growing human population,
there is a great need to establish more quail habitat throughout the bird's range, and to produce pen-reared
bobwhite that consistently emulate the sporting challenge of their wild cousins.

Key words: history, pen-reared, private initiative, quail, social.
Citation: Kozicky, E. L. 1993. The history of quail management with comments on pen-rearing. Pages 1-7 in K.
E. Church and T. V. Dailey, eds. Quail III: national quail symposium. Kansas Dep. Wildl. and Parks, Pratt.

When Dr. Church invited me to be a plenary
speaker on the subject of "The Cultural and His
torical Aspects of Quail Management," I accepted
with the proviso that I could discuss the dire need
for more assistance from the academic community
in the production of quality, pen-reared bobwhite
for hunting purposes. He agreed, which gave me
a chance to review the literature on the history of
quail, recall the sporting qualities of this great
game bird and its influence on our social and
cultural life, and conclude with a plea for more
attention to the problems of producing quality,
pen-reared quail.
The writer is indebted to Drs. F. S.Guthery and
S. L. Beasom, Caesar Kleberg Wildlife Research
Institute, Texas A&I University, Kingsville, for
assistance with the literature search and editorial
help.

ORIGIN

Quail have been part of the world fauna at least
since the Lower Oligocene (40,000,000 years ago;
Johnsgard 1973). Modern forms are thought to
have evolved from a long-tailed, arboreal, cracid
like ancestor in Central America or northern
South America; the progenitor, similar to tree
quails (Dendrortyx spp.), branched along 2 inde-

pendent lines.One line led to the forest-adapted,
terrestrial taxa more specialized for digging
bulbs, rootlets, and tubers than for seed-eating
and includes the genus Cyrtonyx. The second line
led to arid-adapted, terrestrial genera and in
cludes Colinus, Callipepla, and Oreortyx.
Rosene (1984:9) reviewed the geologic history of
quail in the contiguous 48 states. Remains of the
earliest-known extinct quail (Colinus hi.bbardi)
were discovered in Kansas, dating from the late
Pliocene Epoch (>1,000,000 years ago). Another
quail, Colinus suilium, lived about 15,000 years
ago (Pleistocene Epoch), based on remains from
Florida and Texas. C. suilium was smaller than
the Kansas bird, but larger than the modern
bobwhite.
During the Pleistocene Epoch, continental
glaciers spread from the north over much of the
hemisphere. Many plants and animals were
forced south and failed to survive, whereas others
evolved into new species and races. Evidently C.
suilium became extinct during this period, and
there was a transition to C. uirginianus. Paleon
tologists recognize sufficient differences in quail
fossils to classify the 2 extinct birds as separate
species, and they infer that our present bobwhite
could have evolved from C.hibbardi of 1,000,000
years ago.
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Table 1. Common and scientific names of quail in the
48 contiguous states.
Genus Callipepla
Scaled quail (C. squamata)
California quail (C. californica)
Gambel's quail (C. gambelii)
Genus Colinus
Northern bobwhite (C. virginianus)
Genus Oreortyx
Mountain quail (0. pictus)
Genus Cyrtonyx
Montezuma quail (C. montezumae)

Today the contiguous states harbor 4 genera
and 6 species of quail (fable 1).Known hybridiza
tion among Callipepla species and between Cal
lipepla and Colinus demons tra tes close
phylogenetic relationships.

RECENT HISTORY

Available evidence from middens indicates that
bobwhite were not commonly used by Indians,
probably because of their small size and the dif
ficulty of securing them in large numbers. The
wild turkey (Meleagris gallopavo) was the upland
bird most sought after by Indians (Goslin 1955,
van der Schalie and Parmalee 1960, Woolfenden
1965); however, for many Native Americans, the
California quail was an important part of the diet,
supplementing large mammals, fish, roots, seeds,
nuts, and other foods. The birds were so sought
after in some areas, especially in the northern half
of California, that special devices were developed
solely for capturing quail. In the central area of
the state there were professional quail hunters,
which emphasizes the importance of the birds to
Indians in the area (Nissen 1977:228).
In Wisconsin the bobwhite within a period of 10
years, 1845-54, became extraordinarily abundant
(Schorger 1 946:81-82). It then declined in num
bers so rapidly that during the past 75 years the
most that can be said for the species is that it has
maintained its existence.Taking into considera
tion all of the known influential factors, Schorger
(1946:94-98) concluded that a decade of favorable
winter weather seems to have been most impor
tant in producing the peak in the population.
Unless we assume that weather has continued to
be the important factor, the question of why the
quail refuses to undergo more than a sporadic
increase remains unanswered.

The former periodic irruption or emigration of
quail on an extensive scale was an interesting
phenomenon (Schorger 1946:87-90). During the
movement, which took place usually in Septem
ber and October, quail behaved abnormally, espe
cially in the north-central states.As late as 1891,
Van Dyke (1891:11-13) wrote of the quail in Min
nesota:
"In the early part of the fall, . . . quail generally
have a crazy spell, during which they gather into
large flocks, travel quite a distance and even go
into town and butt their brains out against
houses." Schorger (1946:89) stated, "There is
little doubt that the habit of quail to emigrate
or irrupt, when a certain density of population
was attained, was a powerful factor in producing
the huge numbers that existed in Wisconsin in
the decade prior to 1854."

There is ample evidence that quail increased
greatly simultaneous to a certain stage in the
development of agriculture. After the Wisconsin
peak quail populations, all stages of land improve
ment could be found in the southern portion of the
state, yet quail never recovered.
Gambel's quail were historically much more
abundant in Arizona than at present; extremely
high populations were observed from early ex
ploration of the territory until about 1900 (Brown
1988). The earliest explorers (1840's) observed
"immense" numbers of quail. Brown (1988:9)
quoted from the diary of G. 0. Hand based on
observations in 1862:
"All along this day's march the quail were
astonishing; big flocks of them 200 yards long. I
really think there were millions of them in each
flock."

High numbers persisted into the late 1880's as
"thousands of dozens" were captured and shipped
to market. Indeed, Gambel's quail were so
numerous as to be considered agricultural pests.
The great drought of 1888-1904 and associated
grazing abuses marked the end of high quail
abundance in Arizona (Brown 1988:9). Brown
(1988: 10) speculated, as did Leopold (1977:33-34),
that the inherent productivity of the land might
have been lowered by the whiteman's land-use
practices and the alien plants which he intro
duced. He also observed that massive flocks of
Gambel's quail often were associated with peren
nial watercourses, scoured each year by floods
which deposited nutrient-rich sediment. Dam
ming of the wa tercourses has thwarted a
rejuvenating process of nature.
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Leopold ( 1977:32-34) stated that California
quail in the presettlement stage were probably
not as abundant as they were during the sub
sequent market hunting era. This species peaked
between 1860 and 1895. He envisioned a sequence
of environmental stages, associated with settle
ment and agricultural development, that initially
favored the increase and spread of quail but later
led to habitat deterioration and a substantial
regression in numbers. Leopold ( 1977:34) further
stated that the fortuitous production of optimum
vegetation for quail took place on soils brimming
with stored fertility and organic matter of the
ages. The same was true of the peak period of
bobwhite production in the Midwest. It is un
realistic to believe these pioneer conditions could
be fully restored today by proper land manage
ment. Overgrazing, overcropping, and surface
erosion have stripped most lands of that accumu
lated richness that came with centuries of soil
maturation under native vegetation. Perhaps
only the deep alluvial valleys have retained the
basic capacity to fully renew their original produc
tivity, and those are the areas cultivated most
intensively and mechanically. We must take the
sensible view that the great quail peak of the mid
and late- 1800's is a glamorous relic of the past, a
relic we wish to fully understand but that we can
only reproduce on a small scale.

SOCIAL AND CULTURAL
ASPECTS OF QUAIL

If there is 1 upland bird that fits into the
American scene to perfection, it is the northern
bobwhite. Not a large bird, not as swift as some or
as tricky, the bobwhite has nonetheless endeared
itself to thousands of upland gunners as the only
bird that is "fit to hunt" (Anderson 1977). In the
South the northern bobwhite is referred to as "The
Bird." More sportsmen hunt and more has been
written about the bobwhite, as well as the hunting
dogs used to hunt them, than all other quails.
The California quail has the doubtful honor of
ranking second in popularity with sportsmen.
Certainly the Montezuma quail (Cyrtonyx mon
tezumae) is the least famous in providing sporty
hunting, and between these 2 species must fall
the other quail, the scaled (Callipepla squamata),
Gambel's, and mountain (Oreortyx pictus).
Marks ( 199 1) stated that hunting traditions
reveal central values, symbols, and tensions in
American life. Some hunting traditions have elite
origins, which M arks contrasts with the
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democratic ethos of the American frontier. In the
antebellum period, wealthy planters affirmed
aristocratic ideals through the hunt. The planter
ventured forth in leisure, on horseback, with
trained dogs and a retinue of trusted slaves and
friends. The hunt was a coordinated vortex of
action, surrounded by the roaring swirls of peers
and subordinates, of horses and hounds, all
focused on a common objective. Following the war
between the states, white elites elaborated the
hunt of quail. Quail hunting had to be approached
on a gentleman-to-gentleman basis. He was wor
thy of respectful shooting. Marks further stated
that landowners lay claim to a genealogy of status
and control over the good stuffof life through their
pursuit of the bobwhite.
Cultural symbols permit us to identify es
teemed personal traits. Central to hunting is the
value of fair play-wild animals should always be
given a chance to escape. Sportsmanship includes
keen observation, self-reliance, patience, and un
selfishness. Hunting is an arena for demonstra
tion of character and accomplishments, forming
the basis for friendship and companionship, but
also for competition.
There was great emphasis on sportsmanship
afield in the first half of the 20th Century. Out
door writers such as Nash Buckingham, Harold
Sheldon, Ray Holland, Robert Ruark, and Warren
Page preached and wrote about sportsmanship
afield and, in my opinion, it was quail hunting
that inspired them to do so. The lack of emphasis
on sportsmanship afield in the latter half of the
20th Century made it mandatory to inject hunter
responsibility into hunter education courses. Out
door gadgets seized our attention, and the term
"slob hunter" emerged to haunt us.
As Robert Ruark (1980:6) stated:
"The [bobwhite] quail has never been satisfac
torily explained in terms of his relationship with
man , his peculiar fascination for man, or the
occasional nobility or fraud that he inspires in
man. He seems to h ave been created especially
for his catalytic approach to the genus Homo,
and comes off heavily the best by comparison ."

Neel ( 1972) documented the emergence in the
postbellum period of many plantations for
bobwhite hunting rather than agricultural crops.
These properties stretched from Virginia to Texas
and ranged in size from a few hundred to
thousands of hectares of southern land.
The old cotton fields and farmsteads, aban
doned after defeat of the South in the War Be-
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tween the States, had gone through the early
stages of succession and by 1920 offered new
challenges to those responsible for the quail crop.
Of course, by the late 1920's, quail managers had
tried all of the "quick fixes" for quail abundance
and were aware that simple answers, such as
restrictions on bag limits and seasons, predator
control, or restocking were not the solutions.
Something more was needed.
The classic study by Herbert Stoddard ( 193 1) in
the 1920's was a direct result of the deterioration
of hunting quality on existing plantations, and it
was financed by unhappy plantation owners. One
of the most important principles to emerge from
Stoddard's research has to be the concept of a
biological approach to management, including
fire as a necessary and useful tool. Through
private research, southern plantations have had
considerable impact on wildlife management as a
profession, and quail management in the South
in particular. Stoddard's effort, along with Aldo
Leopold's classic Game ltfanagement ( 1933), were
the blueprints of the 1930's for an ecological ap
proach to wildlife management.

WINDS OF C HANGE

We have little reason to be optimistic about the
future of wild quail in North America. There are
no simple and easy answers. Good quail hunting
will become more expensive and require intensive
management. Fred Guthery (Caesar Kleberg
Wildlife Research Institute, Texas A&I Univer
sity, pers. commun.) tells me populations of 5-7
bobwhite per ha are possible in Texas in normal
years with intensive management. John Olin,
with intensive quail management, approached 5
quail per ha on the best bobwhite habitat on his
Georgia plantation. It can be clone, but the
economics are not for the average hunter.
Part of the "winds of change" is the growing use
of pen-reared bobwhite for dog training and com
mercial hunting areas, such as hunting preserves.
Unfortunately, we in the wildlife profession have
abandoned game-bird propagation and left the
effort in the hands of good folks in poultry hus
bandry, who mostly treat the subject as an un
wanted stepchild and do not understand the im
portance of simulating the sporting aspects of
wild birds with their pen-reared counterparts.
Their training has been the efficient conversion of
feed into pounds of flesh for the meat market.
Have those of us in the wildlife management
profession forgotten artificial propagation is a tool
of wildlife management? Shouldn't we always
strive to improve our management tools? When
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we do initiate a project with pen-reared game
birds, the effort seems to center on what is wrong
with pen-reared game birds for hunting purposes
instead of how we can improve their field perfor
mance. In the meantime pen-reared bobwhite are
used to supplement wild populations in many
areas and passed off as wild birds in ever increas
ing numbers (Kozicky 1987:65).
Northern bobwhite is called the king of game
birds, but his pen-reared cousins have a serious
flaw. They tend to domesticate in captivity rather
quickly, and their field performance leaves much
to be desired. Quail hunters either on a hunting
preserve or commercial hunting area have a right
to expect pen-reared game birds to approximate
the field behavior of their wild brethren. The birds
are expected to flush as a covey and exhibit strong
flight characteristics, have the same color and
conformation as wild birds, and be fully feathered
and not grossly debeaked.
In the beginning of my effort to develop quality
bobwhite hunting with pen-reared birds at Nilo,
an experimental and demonstrational hunting
preserve owned by the Winchester Group, Olin
Corporation, I looked for simple answers. But,
answers were not simple and required consider
able attention to details.
We finally achieved success with the Burnette
bobwhite (Kozicky and Madson 1966: 138- 162).
Our greatest critic was John M. Olin, the guiding
force behind our efforts at Nilo, and devoted quail
hunter. Needless to say, we felt the glow of ac
complishment when he stated that we were 90%
successful in simulating wild quail hunting with
pen-reared bobwhite. But, this brush with success
only lasted about 2 years. My source of pen-reared
birds from the Burnettes dried up, and we became
involved in other projects. The important point is
that pen-reared birds can provide quality hunt
mg.
Wildness in any game bird is the sum of
heredity and environment. Although the ring
necked pheasant (Phasianus colchicus) does not
seem to be greatly influenced by environment, the
bobwhite is (Kozicky 1987:35-40). The objective
on a preserve is to provide consistent, quality
hunting of any upland game bird within 30-60
minutes of being released for hunting. The key
words are "consistent'' and "quality." The 30- to
60-minute time limit is incidental if the loss of
released birds can be minimized. As a rule, the
longer the period between release of birds and
hunting, the lower the return. Released birds are
subject to predation and movement after being
released.
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Consistent means that one can expect the same
field performance under the same weather condi
tions throughout the hunting season. Too often we
hear that released birds performed well I day but
not the next. What happened? In many instances
we do not know. But it is a fair assumption that
some detail(s) of management for quality quail
hunting has (have) been overlooked.
The preserve operator, looking for a simple
answer and a scapegoat, is prone to blame the
breeder. But, if the b irds were good flyers at the
time of purchase, the answer lies either in ship
ping or management of the birds on the preserve.
The game-breeding industry has matured by
leaps and bounds on some species of game birds
in the last 40 years. Originally, game breeders
selected for the domestic strain of game birds.
Most game birds were produced for the table.
Hence, they selected more docile birds, best egg
layers, and largest birds-all traits of domesticity.
B u t , the hunting p reserve industry began
demanding changes, and great strides have been
made, especially with the ring-necked pheasant.
Today, game breeders can provide you with a
pheasant for the table or a bird as wild as you
want. The same is not true for bobwhite.
In the last 40 years the preserve industry has
learned the importance of heredity and isolation
through trial and error in producing quality
bobwhite (Kozicky 1987: 36-37). However, there is
little valid information on how frequent to back
cross to wild b irds. There is no universal under
standing of the word "isolation." Some breeders
consider isolation of pen-reared bobwhite to be
putting their holding pens behind the barn. To me
isolation should mean absolutely no contact with
dogs and not more than 1 human contact per day,
and preferably by the same person wearing the
same colored clothing. There are other factors still
being evaluated, such as flight pens; rearing on
ground or wire; overhead cover; not mixing
bobwhite from different holding pens; darkened
holding pens; food, water, and dusting; and ship
ping that influence the performance of pen-reared
bobwhite in the field (Kozicky 1987:57-68). Cur
rently, bobwhite breeders advertise that their
birds are flight-conditioned. In most cases it is a
sales gimmick or buzzword of questionable value.
To date, we cannot judge the field performance of
pen -reared bobwh ite by the most common
ana tomical or physiological variables--rectal
temperature, heart rate, body weight, wing meas
urements, or toe or leg length (Cain 197 4). How
ever, if the birds are docile when you approach

5

them in a holding pen, it is unlikely they will
perform satisfactorily in the field.
We all like simple solutions to complicated
problems, but they are seldom valid, which
reminds me of a quick fix several years ago. At the
Caesar Kleberg Wildlife Research Institute we
tried to take average pen-reared bobwhite, inject
them with adrenocorticothrophic hormone, and
stimulate a docile domesticated bird into simulat
ing a wild bird for at least a few hours. In short,
it did not work. What was of interest is that
individual birds reacted differently to the drug
and external stimuli. This made us realize that
bobwhite are also individuals, probably as much
as humans. If so, it takes time to unite a group
into a covey.
There is considerable tradition associated with
bobwhite hunting. The h unter expects to find a
covey of birds and have birds flush as a covey and
then pursue some of the singles. One problem
with pen-reared birds is that they have not had a
chance to become a covey, especially when birds
for a hunt originate from different holding pens.
The birds have not had time to develop a peck
order and determine a leader. One of the benefits
of the Smith-O'Neal release system (Kozicky
1987:69-70) is that it gives pen-reared birds time
to become a covey, and react accordingly when
encountered in the field. With good quality pen
reared birds, such as Burnette bobwhite, the birds
reacted as a covey unit upon release. But these
birds were reared and held together as a unit both
by the Burnettes and within the holding pens at
Nilo. The normal number of birds in a covey
released for hunting at Nilo was 6.
Then, there are folks who want to release pen
reared bobwhite with the thought that they will
be accepted by wild coveys. Some have even
broadcast pen-reared birds over their hunting
areas. It usually is a I-time affair. The return in
harvested bobwhite quickly elim inates this tech
nique. Occasionally a wild covey will accept a
pen-reared bird or 2 , but such acceptance is more
the exception than the rule. Wild coveys have
strong social bonds and are not prone to accept
recruits.
Besides the rearing and holding of pen-reared
bobwhite, there is a series of factors that will
affect the field behavior of released pen-reared
birds: number of birds in a release, method of
release, length of time from release to hunting,
type of cover into which the birds are released,
weather, traits of the hunting dog(s), and time of
day (Kozicky 1987: 6 1-63, 1 16).
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Quality quail hunting with pen-reared birds
sounds like an impossibility, but many of the
problems listed are minor if the birds are of the
proper wild stock. In my opinion there is no sub

stitute for the basic wildness of pen-reared stock,
and the efforts made by the game breeder and the
hunting preserve operator to retain the basic wild
ness of the birds. Mature bobwhite can and have

become pets.
As yet no one has developed an environmental
influence that will reverse the tendency for
bobwhite to domesticate in captivity. All manage
ment techniques, with the exception of back
crossing to wild b irds , are env ironmental
measures to delay domestication or to influence
the field behavior of pen-reared bobwhite. The
industry needs the help of universities to solve
some of the mysteries of producing quality pen
reared bobwhite for hunting on a consistent basis
at a reasonable cost. Personnel at some univer
sities and state wildlife agencies believe that pen
reared bobwhite are a liability in the wild, and the
fewer the better. This philosophy reminds me of
an ostrich sticking its head in the sand, because
thousands of pen-reared bobwhite are released
every year for hunting purposes, and the number
is growing. Private enterprise in game manage
ment has been with us since 19 10.
As Aldo Leopold (1933:20) pointed out back in
the early 1930's,
"The Crusaders for conservation wrote many
volumes on why rather than how wildlife and
civilizations could be adjusted to each other.
There was 1 periodical, The Game Breeder, that
pioneered the idea of game production through
private initiative, but it leaned toward artificial
ized game-farming technique, and toward open
markets to reinforce the private production in
centive. These 2 corollaries, particularly the lat
ter, beclouded the intrinsic merit of the central
idea. Its program had the outstanding merit of
realism and of constructive discontent with
pious phrases."

The Game Breeder magazine eventually went out
of business but has been replaced with Wildlife

Harvest.

The academic challenge is to try and find the
best way to produce quality bobwhite at a
reasonable price and keep hunting as close to its
traditional sporting challenge as possible, includ
ing the covey rise. It has been done on a small
scale by a Missouri couple devoted to the produc
tion of quality birds, but it was more a labor of love
than one for profit (Kozicky and Madson 1966).
Then, the question remains: will the hunting

preserve client pay for the extra cost of quality
bobwhite? We are all aware that the most sensi
tive nerve in the human body is the one that runs
between the heartstrings and the billfold. There
are hunters who are quite satisfied with the
quality of current pen-reared birds on hunting
preserves (Marks 199 1 : 180- 1 8 1). Also, strange as
it may sound, there is a growing number of new
hunters who have never experienced the chal
lenge of wild quail hunting and may not know the
difference.

SUMMARY

In closing, quail have been a fixture on the
American scene for more years than man has
recorded history. Their contribution to sport
hunting, especially bobwhite and California
quail, are legion, and have had a great influence
on our social life. Quail have brought out the best
in men and dogs, especially the bobwhite. Yet, we
need to be concerned about the future of all
species of quail.
The future of quail lies in part with the general
public, the quail hunter, the economics of the
sport, and the academic community. The quail
hunter, best described by Charley D icke y
( 1974: 25), " . . .is a simple and kindly man who asks
no more of life than that the birds fly fast, the dogs
hold tight, and everything has a sporting chance
to live or die," will have to learn to devote more
time and money to the future of his sport. The
academic community must strive to find ways and
means of assuring huntable supplies of bobwhite
on an annual basis and help private enterprise
produce better and wilder bobwhite in captivity
at a reasonable price. The use of pen-reared
bobwhite is a fact of life. The challenges are
tremendous, but good men and women rise to
such challenges, and I have a profound faith that
solutions will be found and the sport of quail
hunting will continue to epitomize sportsmanship
afield.
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Abstract: New World quail are a distinct genetic lineage within the avian order Galliformes. The most recent
taxonomic treatment classifies the group as a separate family, Odontophoridae, within the order.Approximately
31 species and 128- 1 45 subspecies are recognized from North and South America. Considerable geographic
variation occurs within some species which leads to ambiguity when describing species limits. A thorough analysis
of the Galliformes is needed to clarify the phylogenetic relationships of these quail. It is apparent that geologic or
climatic isolating events led to speciation within New World quail. Their current distribution suggests that
dispersal followed speciation. Because the genetic variation found in this group may reflect local adaption, the
effect of translocation and stocking of pen-reared quail on local population genetic structure must be critically
examined.
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The New World quail are a diverse and inter
esting group within the avian order Galliforrnes.
They a re distributed from Canada south to South
Am erica (Fig. l ; Johnsgard 1988). The more com
mon North American species have received much
attention from ecologists because they are impor
tant game birds (e.g. , Rosene 1969, Johnsgard
1973, Leopold 1977, Scott 1985). Taxonomists
also have focused on these quail because they are
relatively easy to collect, and probably because of
their culinary appeal. That is, early bird collectors
and ornithologists often collected quail not only
because of their scientific value but also because
of their fine taste. These collections provided ex
tensive comparative m aterial for taxonomists
working in museums (e.g. , see Table 1 for a partial
list of galliforrn taxonomic treatments).
Despite widespread interest in New World
quail, the systematics of this group are still in
debate (e.g., Mayr and Short 1970, AOU 1983 ,
Sibley and Ahlquist 1 990). This dynamic state is
due, in part, to recent advances in systematic
techniques (e.g., Gutierrez et al. 1983, Sibley and
Ahlquist 1 990) as well as to debate over the
species concept (Mayr and Short 1970, McKitrick
and Zink 1988). Major advances in molecular
genetics are providing many new insights into the
phylogenetic relationships of quail and other
birds (Cooke and Buckley 1987 , Hillis and Moritz
1990, Sibley and Ahlquist 1990). I predict addi
tional changes will occur in the taxonomy of New
World quail as a result of the application of these
new molecular techniques.
In this paper I will discuss the most recent
taxonomic and systematic treatments of New
World quail (Table 2). Next I will outline some
proposed hypotheses about quail biogeography
and evolution. Finally, I will discuss the relevance
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Fig. 1 . Distribution and species density of New World
quail (after Leopold et al. 198 1, Johnsgard 1988).

of these systematic and biogeographic studies to
North American quail management.
I would like to thank George Barrowclough ,
Kevin Church , and Robert Zink for critically read
ing this paper. Thomas Howell provided insight
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to the AOU' s committee o n nomenclature
taxonomic treatment of the odontophorine quail.

Table 1 . Major taxonomic treatments of New World
quail.

TAXONOMY OF NEW WORLD
QUAIL

Source

Basis for treatment

Peters (1934)
AOU (1957)
Holman (1961)
Brodkorb (1964)
Hudson et al. (1966)
Mayr and Short (1970)
Sibley and Ahlquist
( 1972)
Stock and Bunch (1982)
Gutierrez et al . (1983)
AOU (1983)
Sibley and Ahlquist (1990)

External morphology
External morphology
Osteology
Fossil record
Myology
External morphology
Egg white protein
electrophoresis
Cytogenetics
Protein electrophoresis
Synopsis of literature
DNA-DNA
hybridization
(Sibley and Monroe
[1990])

Taxonomy is the study of classifying organisms.
Systematics is the study of phylogenetic relation
ships and evolutionary processes that generate
biodiversity. The distinction is important because
pure "alpha" level taxonomy may not be sensitive
to issues of phylogeny. The most interesting ques
tions in biology are not what an organism's name
happens to be, but what are its ecological and
evolutionary relationships to other organisms
(Brooks and McLennan 199 1). Thus most current
treatments of taxonomy are really systematic
treatments.

C lass ification of Quai l
There have been several taxonomic and sys
tematic treatments of New World quail (fable 1).
Until recently most treatments have been based
on general morphology (i.e., plumage pattern,
color variation, general size) and species integrity
(Mayr and Short 1 970). Some scientists have
based their inferences of relationship on morphol
ogy (osteology [Holman 196 1 ] ; myology [Hudson
et al. 19GG]); others have based their inferences
on genetic ana lyses (protein electrophoresis
[Gutierrez et al. 1 983] ; DNA hybridization [Sibley
and Ahlquist 1990] ; see also Table 1 ) .
Higher Taxonom i,e Levels. ----All taxonomic
treatments of quail place them within the order
Galliformes. Sibley and Mon roe's (1990) organiza
tion (fable 2) is somewhat different than classical
approaches because they use a dichotomous clas
sification which requires use of a ddition a l
t axonomic levels such as "parvorder." This
proposed classification is considered to be a work
ing hypothesis by the AOU committee on
nomenclature (f. Howell, pers. commun.). Never
theless, Sibley and Monroe's approach is different
from other treatments because they elevate the
New World quail to family status (i.e., Odon
tophoridae). Sibley and Ahlquist (1985, 1 990)
noted that New World quail were very distinct
from other chicken-like birds on the basis of DNA
hybridization experiments. The DNA hybridiza
tion techn ique (Sibley and Ahlquist 1990) upon
which this classification was based has received
widespread criticism among orn ithological sys
tematists (e.g., see Lanyon 1 992).
Holman (196 1 ) suggested that New World quail
should be disting uished as a separate family. He
based his suggestion on the sign ificant osteologi-

cal differentiation exhibited by the New World
quail. For example, odontophorine quail are uni
que among Galliformes by having a serrated man
dible. Gutierrez et. al. ( 1983) also demonstrated
that the odontophorine quail were a distinct clade
within the Galliformes, but they did not offer a
specific recommendation on the family status of
the group. l\fost classification schemes place the
New World quail within the subfamily Odon
tophorinae without substantive comment on the
basis for the classification (e.g., Peters 1934, Hud
son et al. 19G6, AOU 1 983), although Delacour
( 1 9 5 1 ) placed them within the subfamily
Phasianinae. Despite the large number of studies
on species or groups within Galliformes, there is
not a comprehensive systematic study of the en
tire group (see Randi et al. 1991).
Lower Ta:i:ono m i,e Levels. -Many changes in
the taxonomy of species and subspecies of quail
have occurred in the past 50 years (fable 2).
Initially there was a tendency among taxonomists
to describe a newly collected specimen as a new
species vvhen it has morphologically differen
tiated from other specimens. As the biology and
distribution of these species became known in
greater detail, many of the originally named
species were relegated to subspecific status. This
process continues today as poorly known species
in the Neotropics become kn own (e.g., Odon
tophoru.s). There also has been a general trend in
ornith ology to dissolve monotypic genera . The
recent merging of the Lophortyx quail (AOU 1 957)
with Callipep/a. is an example of this trend as it
affects American quail.
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Table 2 . Taxonomies of New World quail. 8
Peters
(1934)
Parvclass
Superorder
Order
Parvorder
Superfamily
Family
Subfamily
Genera

Howard and Moore
(199 1)

Sibley and Monroe
(1990)
Galloanserae
G allomorphae
G alliformes
Odontophorida

Galliformes

G alliformes

Phasianoidea
Phasianidae
Odontophorinae

Phasianidae
Odontophorinae

Odontophoridae

Dendrortyx (4,8)b
Oreortyx (1 , 3)
Callipepla (1 , 3)
Lophortyx (3, 1 0)
Philortyx ( 1 , 1)
Colinus (4 ,33)
Odontophorus (16, 19)
Dactylortyx (1 ,7)
Cyrtonyx (3,6)
Rhynchortyx (1 ,4)

Dendrortyx (3,8)
Oreortyx (1 , 4)
Callipepla (1 ,4)
Lophortyx (3, 16)
Philortyx (1 , 1)
Colinus (3,42)
Odontophorus (14,20)
Dactylortyx (1 , 1 1)
Cyrtonyx (3, 5)
Rhynchortyx (1 ,4)

Dendrortyx (3)
Oreortyx (1)
Callipepla (4)
Philortyx (1)
Colinus (3)
Odontophorus (15)
Dactylortyx (1)
Cyrtonyx (2)
Rhynchortyx (1)

8

These are a few examples of ])Jew World quail classific ations. An extensive chronology of classifications is
presented by Sibley and Ahlquist (1990).
b (Number of species, number of subspecies); no subspecies given by Sibley and Monroe (1990).

The issue of species and subspecies identity
and classification is a focal point. of debate in
ornithology (Barrowclough 1 982, Gill 1 982,
Johnson 1 982 , Lanyon 1 982 , Mayr 1982 , Mon
roe 1982 , O'Neil 1 982, Parkes 1982 , Phillips
1982 , Storer 1 982, Cracraft. 1983, McKit.rick
and Zink 1 988). At. issue is the species concept.
it.self. Two systematic constru cts , among
several, at. debate are the biological species con
cept. (Mayr 1 969) and the phylogenetic species
concept. (Cracraft. 1 983, McKit.rick and Zink
1 988). In the former the species is recognized on
the basis of its genetic isolation from other
species. In the latter a species is recognized on
the basis of its genetic integrity (McKit.rick and
Zink 1 988) and its evolutionary history. Mayr
and Short. (1 970) at.tempted t.o demonst.rat.e that.
few problems in taxonomy occurred when apply
ing the biolog ical species concept. to North
American birds. However, because quail readily
hybridize both in the wild (Henshaw 1 885, Peck
1 9 1 1 , Bailey 1 928, Aiken 1930) and in captivity
(Johnsgard 197 1 ) , Mayr and Short. (1970) in
ferred that. American quail were extremely
similar and some forms could be conspecific
(e. g . , Callipepla californica and C. gambelii) or

congeneric (e. g . , Oreortyx pictus and C. califor
nica; Mayr and Short. [ 1 970:42]). Alt.hough C.
gambelii x C. californica occasionally hybridize
there is no widespread int.rogression. Further,
Gutierrez et. al. ( 1 983) demonstrated that.
Oreortyx was distantly related to Callipepla.
The propensity to hybridize in zones of habit.at.
transit.ions would not. necessarily confuse the
taxonomy of the group under the phylogenetic
species concept. (McKit.rick and Zink 1 988).
There are currently approximately 1 28- 145
subspecies among the 31 species of ext.ant. quail
(Johnsgard 1988). In my opinion the validity of
many of the subspecies should be questioned. It. is
clear that. some species exhibit. a high degree of
morpholog ical differentiation (p articularly
Colinu.s) which facilitates subspecies recognition;
but. others (e.g., Callipepla californica) have many
subspecies with relatively little morphological dif
ferentiation (Gutierrez et. al. 1 983, Zink et. al.
1987). Because of these and other problems the
t.rinomial in bird taxonomy has been discussed at.
length (see Auk 1982:593-61 5), and proponents of
the phylogenetic species concept. have suggested
abolishing subspecies entirely (Cracraft. 1983,
Mckitrick and Zink 1988).

25

National Quail Symposium Proceedings, Vol. 3 [1993], Art. 33
11

Taxonomy of Quail-Gutierrez

Like higher levels of organ iza tion in quail
taxonomy, m uch work remains to be done at the
lower levels to resolve species limits and sub
species differentiation.In fact, a thorough review
of the original literature of quail taxonomy would
prove fruitful. For example, Browning ( 1 977)
noted that subspecific taxonomy of the 2 northern
forms of Oreortyx has been perpetua ted incorrect
ly over the years. Unfortunately, these errors
have not been purged in recent discussions of
quail taxonomy (e.g., Johnsgard 1988).The extent
to which additional taxonomic and phylogenetic
problems exist is unknown.

G eneti c Variatio n i n Quai l
Genetic variation in and among wild vertebrate
populations has been the subject of much research
using modern biochemical techniques in the past
15 years (e.g., Nevu 1978, Avise and Aquadro
1982, Smith et al. 1 982, Barrowclough et al. 1 985,
Barrowclough and Johnson 1 986) because of its
fundam ental evolutionary importance (Lewontin
1974). Many techniques are now available that
allow not only direct assessm en t of genie varia tion
but also levels of gene flow and rates of evolution
and divergence (Hillis and Moritz 1990). These
techniques have allowed systematics and evolu
tionary biologists to draw inferences about the
phylogenetic rela tionships and biogeography of
birds (e.g . , Gutierrez et al . 1 983, Zink et al . 1 987).
Thus far, genetic variation in some odontophorine
quail has been assessed us ing all ozym e
electrophoresis in only 4 studies (G utierrez et al.
1983, Zink et al. 1987, Ellsworth et al. 1 988,
1989).
Gutierrez et al. (1983) observed tha t Gall ifor
m es representing Old World pheasants , Old
World quail and partridges, grouse, and New
World quail had relatively low levels of genetic
variation compared to pass erine birds (Bar
rowclough 1 983). However, they were sim ilar to
other nonpasserine birds (Barrowclough et al.
1981). Low levels of electrophoretic variation do
not imply necessarily a general lack of genetic
variation (see Barrowclough and Gutierrez 1 990).
In general, nonpasserine birds also may differ in
genetic structure from passerine birds because of
differences in their demography and life history
patterns (see Zink et al. 1987). The odontophorine
quail , which included all of the extant species
found in the Uni ted S ta tes , exam ined by
Gutierrez et al. ( 1 983) had levels of genetic varia
tion similar to other popula tions of California
quail (Zink et al. 1987) and northern bobwhite
(Colinus virgin,'.anus; Ellsworth et al . 1 988, 1989).

The studies of Zink et al. (1987) and Ellsworth
et al. (1989) are of particular interest because
they attempted to partition genetic variation
among their study populations. In both studies
there was not a strong population structure; how
ever, popula tions also were not completely pan
mictic. In Zink et al.'s (1987) study the popula
tions examined occurred over 2,000 km of range,
whereas Ellsworth et al. (1989) examined local
popula tions. The failure to detect strong popula
tion structure could be related to the technique
(i.e., electrophoresis) or the moderate levels of
gene flow among populations detected in both
s tudies (see also Zink 1991). Neverthel ess,
heterogeneity detected among the populations'
g enetic s truc tures (see also Appendix 2 in
Gutierrez et al. 1 983) suggests that this issue
should be reassessed using more sensitive genetic
techniques (e.g., DNA sequencing).
Th e larg e number of subspecies described
among the odontophorine quail is a reflection of
g eograph ic va ria tion in plumage pa tterns.
Plumage coloration and patterns can be genetical
ly or environmentally controlled (James 1983).In
the case of Coli.nus virginia.nus the degree of
plumage variation is great across its geographic
range. If the plumage variation in this species is
the result of isolation or adaptation to local en
vironments (i.e., it is found in temperate, arid ,
subtropical , and tropical habitats), genie differen
tia tion is likely to be detected using more sensitive
genetic tools.

BIOGEOGRAPH Y OF QUAI L

Based on Holman's (1961, 1964) extensive os
teological s tudy , th e Odon tophoridae is a
monophyle tic group consisting of an Ooon
t.ophoms s ubgroup (containing Ooonwphorus,
Dactylortyx, Cyrtonyx, and Rhynclwrtyx) and a
Dendrortyx s ubgroup (containing Dendrortyx,
Phil.ortyx, Oreortyx, Colinus, and Callipepla).
Johnsgard (1988) speculated (but did not test)
that the genera Od.onwphorus and Dendrortyx
represented general ized quail and , thus, most
clos ely approxima ted t h e ances tral odon
tophorine quail. With these generalized quail ex
tant in Central America and with this reg ion
having the most taxonom ically diverse odon
tophorine quail fauna (Fig . 1), Johnsgard (1988)
suggested that odontophorine quail evolved in
Central Am erica.
Gutierrez et al. (1983) proposed a biogeograph ic
hn)othesis for the evolution of the U.S.members
of th e Dendrortyx subgroup of the Odon26
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tophoridae using estimates of genetic divergence,
inferred from electrophoretic p atterns, among
Colinus, Oreortyx, Callipepl,a, and Cyrtonyx
(which represented the second m onophyletic sub
group within the family), calibration of an
electrophoretic clock using fossil specimens, and
geologic events coincident with divergence times.
Under their scenario, Oreortyx separated ap
proximately 12.6 million years ago (MYBP) ,
Colinus next diverged about 7 MYBP, Callipep/,a
squamaw separated at approximately 2.8 MYBP,
and finally C. californica and C. gambelii diverged
about 190,000 years ago. These divergence times
correspond generally with reconstructed geologic
and climatic events (Gutierrez et al. 1983). Hub
bard (1973) proposed another vicariant explana
tion for the evolution of Callipep/,a. He proposed
a trichotomous split in which C. squamaw, C.
douglasii, and "pre-C. californica-gambelii' di
verged first in the Illinoian glacial epoch followed
by differentiation of californica from gambelii
during the Wisconsinian glacial period. It is pos
sible that climatic influence of Illinoian epoch on
vegetation (Axelrod 1979) may have influenced
speciation of C. californica an d gambelii but
probably not squamaw. Nevertheless, it is clear
that isolation events probably led to the specia
tion of New World quail. The current distribution
(i.e. , sympatry) of these species also suggests dis
persal subsequent to speciation (Nelson and Plat
nick 198 1). Nevertheless, these are biogeographic
h yp otheses which cannot be precisely reconciled
with paleobotanical and geologic events. In addi
tion , the remain ing taxa within the Odon
tophoridae should be examined to derive ap
proximations of their evolutionary histories and
as a test of the above h yp othesis (Gutierrez et al.
1983).

RESEARCH AND MANAGEMENT
IMPLICATIONS
Systematic and Taxonomic
Investig ations
It is evident that thorough analysis of the quail
would greatly clarify relationships within Odon
tophoridae. Genetic assessment techniques now
available could be u sed to clarify n ot only
phylogenetic relationships but also levels of varia
tion within and among species and populations of
these fine game birds. A review of the type I
envision should include all extant forms of quail
in addition to a thorough review of the literature
to trace the appropriate nomenclature (sensu
Browning 1977). This information could provide

Quail III

the basis for more informed management of these
quail as I suggest below.

Release of Pen-reared Birds
The release ofpen-reared quail has occurred for
many years as a technique to "augment" natural
populations or to increase potential quail harvest
(Buechner 1950, Sexson and Norman 1972,
Leopold 1977, Roseberry et al. 1987). The artifi
cial propagation and release of quail has been
controversial for many years because of its effects
on wild populations (Landers et al. 199 1) and the
low survivorship of pen-reared birds.
Although deleterious genetic effects of cultured
salmon on native fish stocks is well known in the
fisheries literature (e. g. , Waples 199 1 , Hindar et
al. 1991) , little is known of genetic effects on
native populations of releasing large or small
numbers of pen-reared quail despite a long his
tory of such introductions. In fact, few studies
have been conducted on any aspect of genetic
relationships between pen-reared and wild quail
(Ellsworth et al. 1988, Wooten 199 1).
Leopold ( 1977: 15) argued that natural selection
would soon remove maladapted hybrid California
quail produced by interbreeding of native and
exotic stock from the population, and thus, any
deleterious genetic effects would not be felt in a
population. Although this may be true of small
local introductions, it is unclear if the effect of
continuous large-scale introductions in areas of
low native quail population density would be
equally benign. The experience of our fisheries
colleagues should have stimulated our investiga
tion of the genetic effect of introductions on native
populations long ago.
I suggested above that the differentiation ob
served in quail was probably the result of past
isolation. This differen tiation appears to be
greatest in the northern bobwhite. If this diver
gence during isolation also resulted in local adap
tations to environmental conditions, the n
widespread, intensive releasing of captive or non
native stock could have potential deleterious
genetic effects. Brennan ( 1 99 1) documented the
decline of quail nationally. For example, the
northern bobwhite is declining in all areas of its
range including those where quail management
is a featured land management activity. A com
prehensive search for causative factors of this
decline must include the effect of genetic mixing
of populations. Genetic markers may be identified
in wild and introduced birds (Wooten 199 1) to
trace the introgression of genes into the wild
population. Genetic studies should complement
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studies of reproductive performance and survival
to establish a causal link between changes in
demography and changes in genetic structure
resulting from introduction of nonnative birds.

Translocat i n g Quai l
Brennan (199 1) noted the importance of trans
ferring wild-trapped birds as sources of stock for
quail populations extirpated by loss of habitat,
stochas tic d e m o g raphic events , or severe
weather. If suitable habitat returns or remains
following 1 of these events, translocation of quail
may be a relatively inexpensive technique for
reestablishing a population. However, because of
the genetic and behavioral differences between
pen-reared and wild birds (Roseberry et al. 1987) ,
only wild caught birds should b e used i n these
endeavors. In addition, populations of the same
genetic structure from as close as possible to
original populations should be the source of the
translocations. Widespread genetic screening of
populations is possible with relatively little cost if
the objective is to document genetic structure of
populations within general geographic areas.
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Those of us old enough to remember the First
National Bobwhite Quail Symposium in 1972 are
familiar with such terms as carrying capacity,
edge effect, annual surplus, travel l �nes, hu �table
populations, interspersion, succession, and mver
sity.These phrases and concepts have been part
of the lexicon of quail biologists since the days of
Stoddard, Leopold, and Errington. Nowadays,
however, at conferences or in the literature we are
more likely to hear about biodiversity, fragmen
tation, metapopulations, minimum viable popula
tions, population vulnerability analys �, con�e�
tivity, heterogeneity, and patch dynamics.1:lus is
_
clearly not the vocabulary of traditional wildlife
management, but rather of what might be �ailed
the "new" biology, consisting primarily of
Landscape Ecology, Restoration Ecology, and
Conservation Biology.The question I would pose
is: Are these terms and concepts merely trendy
buzzwords of the 1980's, or are they relevant to
bobwhite management in the 1990's and beyond?
At first glance, they may seem to be just fanc)'. new
ways of saying the same old thing (e.g., corridors
instead of travel lanes, heterogeneity instead of
interspersion).On closer inspection, however, cer
tain of the new terms connote a somewhat dif
ferent perspective related primarily to scale. By
scale I mean the relative size (extent) of the
geog;aphic area of concern and the relative d �ta?
(resolution) with which information about it is
conveyed. Other aspects of the "new" biology ap
pear to reflect more basic differences in general
philosophies of wildlife management. The follow
ing essay evolved in large measure from stimulat
ing discussions with colleagues R. Gates, W. D.
Klimstra, M.McKee, and A Woolf.

PERSPECTIVE

When habitat was abundant and well dis
tributed, bobwhite research and management
often concentrated on site conditions or local
situations. Traditional approaches to habitat
management (e.g., Ellis et al. 1969, Landers and
Mueller 1986) and evaluation (Baskett et al.1980,
Schroeder 1985) generally focused on discrete
areas without regard to their orientation in physi
cal space. Population research and management
likewise often ignored spatial aspects (e.g., Er
rington 1945, Kabat and Thompson 196 3,
Roseberry and Klimstra 1984).However, present
day land use has eliminated or dissected much
upland habitat leaving remaining habitats dis
tributed in relatively isolated patches separated
by tracts of inhospitable land or other barrier �, a
phenomenon known as habitat fragmentat10n
(Wilcove et al. 1986:237). This and other as
sociated trends have necessitated a broader
perspective in dealing with current management
issues and problems.
Habitat fragmentation is a problem most com
monly associated with forests and forest co� 
munities (Burgess and Sharpe 1981, Harns
1984).However, the increasingly patchy aspect of
upland wildlife habitat is a growing concern as
well (Roseberry and Klimstra 1984, Kenney 1985,
Temple 1992). Earlier, less intensive agriculture,
with its small fields, diverse cropping patterns,
and network of hedgerows and brushy fencerows
provided bobwhite with (in the new vernacular) a
fine-grained, heterogeneous landscape charac
terized by a high degree of connectivity. Such
landscapes facilitated exchange of individuals
and genetic material between and among neigh-
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boring coveys and groups of coveys. In contrast,
rural landscapes today are often homogeneous
and coarse-grained where the land is flat and
fertil e , and extensively invaded by exurban
development where it is not (Forman and Godron
1986). In many parts of the upper Midwest,
bobwhite now occupy a mosaic of small, relatively
isolated patches of habitat separated from similar
areas by physical barriers or large expanses of
bare ground.
Implicit in this situation is a net loss of habitat
for bobwhite and attendant decline in abundance
that has been documented throughout much of
their range (Brennan 1991). But what about
populations that occupy the patches of remaining
habitat? Are they at greater risk because of their
relative isolation as earlier suggested by Roseber
ry and Klimstra (1984); and if so, do they require
special attention? To address this question, Gil
pin and Soule (1986) introduced the concept of
Population Vulnerability Analysis (PVA), also
referred to as Population Viability Analysis (Mur
phy et al. 1990). This approach identifies 4
primary sets of factors that affect the relative
vulnerability or viability of local populations: (1)
genetic, (2) demographic/life history, (3) environ
mental, and (4) spatial (Shaffer 1 981, 1987; Gilpin
1987; Murphy et al. 1990).
At the Second National Bobwhite Quail Sym
posium, Klimstra (1982) warned that because
living conditions for bobwhite were changing, ex
isting knowledge might not always be sufficient
to address new situations and problems. This is
especially evident when attempting to apply PVA
to relatively isolated bobwhite populations in dis
sected landscapes. For example, there has been
scant research on the genetics of wild bobwhite,
especially population genetics (Gutierrez et al.
1983, E llsw orth et al. 1989). Important
parameters such as relative plasticity, gene flow ,
and susceptibility to inbreeding are largely un
known. In addition, there are aspects of popula
tion dynamics that are not well understood for
isolated populations, e.g., the role of ingress in
maintaining population stability, the potential
impact of concentrated hunting and predation,
and implications of possible cyclic fluctuations.
Certain demographic characteristics of bobwhite,
especially their high annual population turnover ,
would seem to increase the vulnerability of small,
isolated populations. Peak autumn densities are
routinely reduced 50-80% by late winter-a seem
ingly dangerous situation for such groups . On the
positive side, bobwhite can achieve high reproduc
tive output and rapid population growth under
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favorable conditions.However , conditions are not
always favorable due to climatic stochasticity and
habitat perturbations. In the Midwest, severe
winters periodically depress populations to very
low levels (Roseberry and Klimstra 1984);
droughts produce similar effects in the Southwest
(Lehmann 1984).As Shaffer (1987) noted, suscep
tibility to stochastic , catastrophic even ts in
creases the vulnerability of small, relatively iso
lated populations. Coupled with the vicissitudes
of weather, bobwhite occupy habitat that is tran
sitory by nature. They need a relatively small
amount of dense vegetation for protective cover
and a proportionately larger amount of early suc
cessional vegetation for roosting , feeding, nesting,
and brood rearing (Rosene 1969). This combina
tion creates an inherently unstable situation.
E arly successional veg etation r equires a
moderate amount of periodic disturbance for crea
tion and maintenance, whereas the persistence of
heavy cover requires that disturbance not be too
frequent or too extensive.Bobwhite habitat thus
can be adversely affected by too much human
disturbance, or not enough; a tenuous situation
for small , relatively isolated populations.
The viability of local populations depends not
only on their own attributes , but also on certain
spatial and temporal characteristics of neighbor
ing habitat patches and resident populations (i.e.,
the metapopulation). The distribution of habitat
patches , their degree of connectivity, patterns of
occupancy, and turnover rates (extinction and
recolonization) are aspects of habitat evaluation
that are relatively new to wildlife managers.
Likewise, movements of individuals between
patches and identification of source and sink
populations are relatively recent concerns. How
ever, the increasingly patchy nature of upland
habitat demands that increased attention be
given to the spatial structure of habitats and
populations.
Site management skills and approaches will
continue to play an important role in future
bobwhite management.It is clear , however , that
certain management issues and problems must be
addressed from a broader (i. e., landscape or
regional) perspective. Strategic planning often re
quires assessment of habitat over relatively large
areas.Even site management (e.g., recommenda
tions to landowners regarding Conservation
Reserve Program fields) requires consideration of
area-wide habitat conditions. Therefore, quail
biologists will need to incorporate certain con
cepts of Landscape Ecology into their thinking .
They will also need to exploit the emerging tech32
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nologies of remote sensing , computer-aided
Geographical Information Systems, and habitat
modeling.

PHILOSOPHIES

Thus far I have talked about aspects of the
"new" biology that differ from traditional wildlife
management principally with respect to scale or
perspective, i.e. , site or local vs. landscape or
regional. However, there appear also to be more
basic differences involving philosophies and agen ·
das (Temple et al. 1988). This was the subject of
a provocative series of essays appearing in the
Wildlife Society Bulletin (Anonymous 1 989, Bolen
1 989, Capen 1 989, Edwards 1 989, Teer 1989,
Wagner 1 989). Basically, traditional wildlife
management has been criticized for ( 1) con
centrating on single species rather than biodiver
sity or communities, (2) overemphasizing con
sumptive use and game species, and (3) stressing
the practical while ignoring theory. As I have
stated before (Roseberry 1 982), the third criticism
may have some validity, but I will not dwell on
that here. Instead, I would like to focus on the first
2 related criticisms, i.e. , overemphasis of single
species and consumptive use research and
management.
First of all, we should not be apologetic about
our concern for the welfare of an individual
species. Despite all the talk about biodiversity
and ecosystems, many within the ranks of the
"new" biology are also strong advocates for par
ticular species or groups of species, be it California
condor (Gymnogyps californianus), red-cockaded
woodpecker (Picoicles borealis), or neotropical
warblers. Granted, the bobwhite is not an en
dangered species, but it may be threatened as a
viable game species in the not too distant future
(Brennan 1 99 1). Furthermore, certain game-bird
species, including the bobwhite, are valuable sen
tinels for monitoring highly disturbed agrarian
ecosystems (Potts 1986, Warner 1992).
Nor should we apologize for our interest in a
particular game species, or for consumptive use
in general. That natural resource management
has benefitted greatly from sportsmen's dollars
and support is a legitimate, if sometimes over
stated, argument. In many parts of the country,
areas initially saved or acquired primarily as
game habitat represent th e only substantial
tracts of land not intensively developed, plowed,
or logged. In addition, research on exploited
species has contributed signific;rntly to our
general understanding of population ecology. It is
also true that many of us were initially attracted
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to the profession by an interest in hunting-hence
a preoccupation with consumptive use is some
what understandable.
We must realize, however, that it will no longer
necessarily be "business as usual" in dealing with
natural resource agencies. As Bob Dylan said,
"The times they are a-changin." And to keep up
with th e times, Wagner ( 1 989: 359) felt the
wildlife profession must " . . . make a commitment
to the full range of values which society assigns to
wildlife resources . . . " Many state agencies have
already begun to do just that by adding nongame
programs and even changing their names to
reflect broader constituency interests (Bolen
1989). Changes are also taking place in the class
room where future wildlife biologists are even
now being trained and educated. This is typified
by the recent comment of a wildlife educator (and
past editor of the Wildlife Society Bulletin): "I
spend more classroom time on concepts such as
population viability, founder eff ect , island
biogeograph y , habitat fragmentation , and
biodiversity and less time on traditional topics
such as harvestable surplus, carrying capacity,
and inversity" (Capen 1989:336).
Even the formerly sacrosanct concept of edge is
being reexamined (Reese and Ratti 1 988, Yahner
1988). As Hunter (1987:66-67) pointed out: " . . . the
admonishment to 'avoid fragmenting forests' is
almost directly contrary to 1 of the oldest ideas of
game management, namely to 'create more edge'."
Nowhere is this more evident than in midwestern
National Forests such as the Mark Twain,
Shawnee, and Hoosier where attempts to manage
for upland wildlife have come into direct conflict
with those wishing to manage for forest interior
species. A dmittedly, th e call for increased
biodiversity but reduced fragmentation some
times leaves wildlife managers scratching their
heads at the seeming paradox. This again gets
back to the matter of spatial scale, however. What
constitutes diversity, heterogeneity, and frag
mentation often depends on whether the situation
is viewed from a local, landscape, or regional
perspective (Meentemeyer and Box 1987, Wiens
1989).
Wildlife managers in the future will likely be
required to justify their actions more in terms of
"the big picture." Just as there are often practical
advantages to considering area-wide conditions
when making site recommendations, there may
be philosophical reasons as well. In commenting
on the appropriateness of Aldo Leopold's (1949)
land ethic for the 1 990's, Decker et al. ( 199 1 :6)
wrote: "Landowners and resource managers must
33
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understand the significance of geographic scale
[and] move their consideration from the small
scale of a property to the larger scale of ecological
ly significant geographic areas." This does not
mean that quail biologists and quail hunters
should not continue to work for and promote the
welfare of the bobwhite. Especially as it can be
demonstrated that land-use practices conducive
to bobwhite abundance also benefit a large com
m unity of other species and, indeed, the land itself
(Roseberry and Klimstra 1984). We must recog
nize, however, that certain traditional manage
m en t prescriptions may not always be ap
propriate or j ustified in every situation (e. g . ,
"wildlife" openings in otherwise unbroken old
growth forests). On the other hand, some "new"
management initiatives (e. g . , restoration of
former prairie or savannah areas) offer substan
tial potential benefit for bobwhite.
Our country's wildlife resource base-game and
nongame alike-is being progressively eroded by
an expanding human population and by those
who could not care less about conserving it. There
fore, I would tend to agree with Anonymous
( 1989) and Bolen ( 1989) that despite some very
real and fundamental differences in priorities,
there is sufficient commonality of purpose-and
that purpose is sufficiently important-to make an
alliance of traditional "wildlifers" and "new"
biologists essential if we are to salvage at least a
portion of what remains of our natural heritage.
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Abstract: I review and evaluate methods used fo r population estimation, determination of survival, radio-tagging,

habitat analysis and evaluation, and study design and analysis. I conclude that rigorously designed call-count
surveys are likely to provide the best information on quail population trends across time and space. More intensive
techniques such as line transects and mark-recapture may be appropriate if the resources are available.
Radio-tagging can be a very useful technique; however, in many cases, triangulation error and effects of equipment
on the birds may render results suspect. Therefore, caution is urged when using radio-tagging. Approaches to
habitat analysis and evaluation are described. I discuss the importance of replication in study design and the use
of appropriate and rigorous statistics. I suggest we consider statistical power more in the interpretation of results.
Generally, we have the techniques available to meet our needs, but implementation has been less than ideal in
many cases. Finally, the dichotomy between researchers and managers needs to be bridged. Better communication
of needs by managers and cooperation by researchers should lead to positive results concerning our quail resources.
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That all species of quail are of importance to a
large number of people is attested to by the atten
dance of over 300 professional managers and re
searchers at this symposium. To effectively re
search and manage quail requires the application
of a variety of techniques. We need to be able to
track population trends and demographics, to re
late populations to habitat characteristics, to
determine the outcomes of management ac
tivities, and to make predictions concerning
population attributes.
A wide variety of methodologies has been
developed over the past 60 years to address these
needs.My goal is to review the use and application
of major techniques for quail. I review methods
used to assess population parameters (density,
survival, and sex and age ratios), radio-tagging,
and analysis of habitat relationships.I also make
comments concerning the application of various
statistical procedures and the importance of
proper study design.The methods I review reflect
my biases and background and may not be the
same as those others might choose to address. I
do not address the techniques in great detail; such
information will be found in the references.
Rather, I hope to provide overviews of the use of
various techniques and indicate when it is ap
propriate for their application.
I appreciate reviews of this manuscript by
K evin E. Church, Roy L.Kirkpatrick and Michael
J. Tonkovich.Robert Bruleigh assisted greatly in
locating pertinent literature.

ESTIMATING POPULATION
PARAMETERS

A common concern of managers and re
searchers centers on determining just how many
quail occur on an area; and a considerable amount
of effort has been devoted to assessing population
parameters such as density, survival rates, and
sex and age ratios.Population data may be used
to track trends in population levels, guide the
setting of regulations, predict fall harvest,
evaluate effects of habitat and population
management, and assess mortality and survival
rates.
The particular approach taken to estimating
populations depends on a number of factors.Prior
to selecting an estimation technique, the inves
tigator should consider (1) the assumptions of the
potential techniques, (2) the particular objectives
of the study, (3) resources available (e.g., person
nel and money), and (4) characteristics of the
habitat that will be sampled. I have placed the
major estimation techniques into 6 general
groups (Fig. 1).
The first question the researcher should ask is
whether the population is closed; i.e., no immigra
tion, emigration, births, or deaths (Seber 1982).If
the population is closed and an absolute density
is not needed, then one can use any of several
population indexes. If investigators require an
estimate of the total number of quail on the area
of interest, then they need to consider whether all
the quail can be counted on the area. If all can be
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CAN A LL
A N I MALS
BE
CO U NTED

YES

NO
EASI ER TO
COUNT OR
CAPT U RE
ANI MALS?

...._
c o_u_N_r_.,_

CAPTURE
Fig. 1. Decision tree indicating the process of determining the appropriate population estimator for quail that will
meet assumptions of the techniques and needs of the investigator.

counted, then a drive count would be appropriate.
If all the individuals cannot be counted, they need
to consider whether it is easier to capture or
observe the quail. If it is easier to observe the
quail, a line transect estimator would be indi
cated; a mark-recapture estimate would be ap
propriate if it is easier to capture individuals.

Open Po p u l ation Esti m ates
If the population is open, the relative impor
tance of population estimates vs. survival es
timates needs to be considered. If density es
timates are of greatest importance, then some
form of a Jolly-Seber estimate would be most
appropriate. If survival is of interest, then band-
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recovery or a staggered entry approach would be
suitable (Fig. 1).

Indexes

When an absolute estimate of density is not
necessary, various indexes to population levels
may be appropriate. Wells and Sexson (1982)
provided an overview of indexes to northern
bobwhite (Colinus virginianus) density.
They felt that rural mail carrier surveys in
October provided the best data for predicting fall
harvest parameters. Such surveys can provide
data over a relatively large area (e.g., a state). If
these data can be standardized in terms of how
they are recorded and the conditions under which
they are taken , they can be used to track popula
tion trends.
M ea sures of hunter suc cess (e. g . , birds
shot/gun-hour) have been used to track popula
tion trends for northern bobwhite (e.g. , Wells and
Sexson 1982, Fies et al. 1992) and Montezuma
quail (Cyrwnyx monwzumae; Brown 1979). Such
data are relatively easy to acquire by state agen
cies; however, the quality often is questionable.
Because the data source is of variable reliability
(hunters) and there is a lack of control over data
quality (lack of variance estimates, etc.), I believe
it is dangerous to give too much credence to this
sort of information. These data do not lend them
selves well to statistical analysis, and thus it is
difficult to identify real differences between areas
or years. At best, I believe we are limited to
general statements about population trends from
hunter data.
The indexing method that has received the
most attention is the use of call or whistle counts.
One of the first to use whistle counts was Bennitt
(1951) , who found that spring and early summer
counts of bobwhite provided a reasonable index to
fall harvest. Rosene (1957) indicated that call
counts provided adequate indications of fall har
vest for bobwhite. Smith and Gallizioli (1965)
reported that whistle counts of Gambel's quail
(Callipepla gambelii) correlated well (r values
>O. 94) with the subsequent fall harvest. However,
they noted that spring counts will only work well
if hatching success and survival of young is con
stant from year to year. For scaled quail (C.
squamata), Brown et al. (1978) found that spring
whistle counts were correlated with fall harvest ,
although weather also was an important factor
influencing counts.
Although some researchers have successfully
used whistle counts to predict fall harvest, this
technique has generated substantial disagree-
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ment. Norton et al. (1961) critiqued the use of
whistle counts to predict fall populations in
bobwhite. They reanalyzed data presented by pre
vious workers and noted : "It must be concluded
that the case for usefulness of numbers of whis
tling cocks in summer to estimate autumn
populations is weak and that a better method is
needed" (Norton et al. 1961:403). They argued
that whistle counts may provide a reasonable
index of population densities at a particular time
and could be used to monitor trends. However ,
unless data are available for nesting success ,
recruitment to the population, and survival, we
cannot accurately predict fall harvest. Robel et al.
(1969) analyzed call counts for bobwhite in Kan
sas and developed regressions that adjusted
counts for effects of time of year, time of day, and
weather. Schwartz (1974) noted the problem of
spring counts not accounting for production and
found August counts worked better to predict fall
numbers in Iowa ; he suggested that early summer
call counts not be used to estimate fall quail
numbers. More recently, in a general review,
Dimmick (1992) recommended that call counts
not be used to estimate populations of bobwhite.
In contrast, Curtis et al. (1989) reported a high
correlation (r= 0.94) of call counts with fall har
vest of northern bobwhite on Fort Bragg , North
Carolina . They also reported that call counts were
correlated well with total number of quail (r =
0.89).
So, are call counts good or poor indicators of
populations? It appears that more controlled re
search, of the nature of Curtis et al. (1989), would
be appropriate to help us better understand what
exactly call counts indicate. In most cases it
probably is risky to use call counts to make predic
tions concerning potential fall harvest, unless
such data are supplemented by information on
nesting success and survival. However, I believe
that it is reasonable to use call counts to derive
indexes to population levels. If acquired under
standardized conditions (e.g. , time of year and
day , no or m inimal precipitation and wind ,
trained observers) and replicated spatially or
temporally, I believe that call counts can be used
to track trends in population levels over time or
to compare relative densities between different
areas (e.g., Cline 1988). Sauer and Droege (1990)
provide an excellent practical and theoretical
treatment on estimating populations with in
dexes. In the absence of another easily applied
technique used to census relatively large areas in
a short time, I expect call counts to continue to be
used in the future.
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Complete Counts

Workers trying to determine the number of
quail on a relatively small area (i.e., <500 ha) have
used drive counts to attempt to completely count
all quail.Often, dogs can be used to good effect to
help ensure all coveys are located (Bennett and
Hendrickson 1938, Loveless 1958, Ellis et al.
1969, Roseberry and Klimstra 1972). Dimmick et
al. (1982) used drive counts ("walk census") for
bobwhite and noted they are relatively quick and
easy to use, although the variance of the popula
tion estimate is not known. They found that walk
censuses recorded about 50% of the birds that
were estimated to be on their area, as determined
by a Lincoln-Peterson estimate.Their population
estimate from walk censuses was correlated well
with the Lincoln-Peterson estimate (r = 0.96).
More recently, Janvrin et al. (1991), in a control
led study with radio-tagged bobwhite, found that
34% of the time the whole covey was not flushed
by walkers. On average, they detected 56% of
individuals and 61% of coveys present on the
study site at the time of surveys. They recom
mended that at least 3 counts be taken on an area
to derive an adequate estimate and that �15
counters be used.

Transect Estimators

Population estimates based on observations of
animals taken along line transects have been
developed since the 1930's (Burnham et al. 1980).
Line transect estimators require meeting more
assumptions than the previously noted methods,
but also result in more rigor in the density es
timate. The basic assumptions for transect es
timators are: (1) all birds on the transect line are
recorded, (2) birds do not move prior to being
observed, (3) distances are recorded accurately,
(4) flushing observations are independent events,
(5) birds are not counted more than once, and (6)
the probability of sighting a covey is independent
of covey size.Brennan and Block (1986) evaluated
the use of line transects on mountain quail (Oreor
tyx pictus) and concluded the technique worked
well for breeding populations. Guthery (1988) in
vestigated the use of line transects on rangelands
in Texas and concluded the technique worked
adequately to estimate northern bobwhite den
sities and that the assumptions were reasonably
well met.However, he did note that a substantial
amount of effort was required to acquire enough
observations for high precision. Guthery (1988)
also noted that line transects are likely to be more
appropriate in relatively homogeneous habitats

such as rangelands, opposed to patchy habitats
such as croplands.
Shupe et al. (1987) counted bobwhite from a
helicopter along transects being used to estimate
white -tailed deer (Odocoileus virginianus)
populations.They concluded this approach would
work for relatively large areas.The cost of aerial
transects was less than for mark-recapture es
timators, but above the cost of conducting drive
counts. Guthery and Shupe (1989) found that
estimates from line transect and mark-removal
estimators were similar and tracked trends in a
similar manner.Kuvlesky et al. (1989) evaluated
12 line transect estimators for bobwhite. Their
primary conclusion was that these estimators do
not work well when populations are relatively
low; at least 40 observations (preferably many
more) are required for a good estimate (Burnham
et al. 1980).Generally, if the assumptions can be
met and an adequate number of observations
acquired, line transect estimators are likely to
work well for population estimation. However,
using these techniques will require a greater in
vestment of time and effort than methods to
derive indices.

Mark-recapture Estimators

A substantial effort has been devoted to
developing population estimators based on
analysis of recaptures of marked animals (e.g.,
Seber 1982, Pollock et al. 1990). Traditionally,
mark-recapture estimators have been applied to
small mammal populations. These techniques
also have been used for quail population estima
tion. Dimmick (1992) compared Lincoln-Peterson
estimates (1 capture period followed by 1 recap
ture period) to those derived from drive counts,
and found that the Lincoln-Peterson estimate
tended to be about double the drive count es
timate for bobwhite. He believed this estimate
provided an unbiased population estimate but,
given the unknown level of the true underlying
population size, it is difficult to determine exactly
how close the estimate was to the true population.
In his summary paper, Dimmick (1992) recom 
mended mark-recapture as the preferred method
for estimating population levels. The Lincoln es
timate also has been used by Shupe et al. (1987)
and Guthery and Shupe (1989) and compared well
to line transect estimates. O'Brien et al. (1985)
compared estimates derived for bobwhite from
the Lincoln-Peterson estimate to those from mul
tiple-recapture estimators (Otis et al.1978).They
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concluded that multiple - recapture models
probably are not appropriate for bobwhite,
primarily because of heterogeneity in capture
probabilities, and that the Lincoln-Peterson es
timator is approximately unbiased and is the
pref erred approach. This approach would be most
appropriate when different capture approaches
are used for 2 samples; for example, using live
trapping for the first capture period, and shooting
for the second.

So . . . Which Tech n ique I s Best?
Each of the estimators discussed will work ade
quately under certain circumstances, if we meet
the assumptions and apply the approach correct
ly. If we simply want to monitor trends or obtain
relative abundance estimates, for example to
compare different management strategies, an
index such as whistle counts should be adequate.
I believe these counts, ,vhen conducted under
standardized conditions, will provide suitable
measures of population abundance. These counts,
however, are not likely to be adequate for predict
ing fall harvest unless they are supplemented by
additional information such as survival and
hatching success. I do not recommend the use of
hunter-success data to indicate quail trends.
Drive or walk counts, especially if supplemented
by dogs, may provide useful indications of the
number of quail on a particular area. This ap
proach , however, will require a greater invest
ment of resources for the area covered relative to
i n dexes. Mark - recapture and transect
methodologies provide us with the opportunity to
more rigorously estimate populations. These
techniques require substantial commitment of
resources and may not be appropriate for all
needs and situations.
More research is needed on methods to index
and estimate quail populations. Some questions,
such as what a calling male quail actually repre
sents and what the relationship is between an
index or population estimator and the tnie under
lying population have not been adequately
answered.

Esti m ating Survival
It is of considerable interest to know what the
survival rates are for quail populations. A com
mon approach to estimating population survival
is to use age ratios of quail (e.g., Emlen 1940,
Marsden and Baskett 1958, Botsford et al. 1988).
Such data can be obtained relatively easily from
wings provided by hunters or by surveys in the
fall. Although the juvenile:adult ratio can be used

25

to draw inferences concerning survival of young
and reproductive success (i.e. , a ratio weighted
toward j uveniles indicates greater reproductive
success and/or survival of young birds), such data
seldom can be used to validly estimate survival
rates. Only when there is a stable population
(which rarely occurs in quail populations) can
j uvenile:adult ratios be used to estimate survival.
Concerning the use of ratios in this manner,
Caughley has stated "These methods tend to pro
vide answers irrelevant to most practical or
theoretical problems" (Caughley 1977: 105). Thus,
although age ratios determined from hunter bags,
etc. , may provide useful indications of breeding
success, they are not appropriate or suitable for
estimating survival rates.
Other more suitable approaches for estimating
population survival rates are available, but they
require effort beyond that needed for age ratios.
If one is able to determine population structure at
various times, or can follow marked individuals
through time, a life-table approach could be
taken. Raitt and Genelly (1964) used life tables
successfully on California quail (Callipepla
californica). Pollock et a l . ( 1 989a) h ave
demonstrated the use of band recovery data to
estimate survival rates for bobwhite populations,
using the approach of Brownie et al. (1985). They
also have recently presented the "staggered entry"
approach (Pollock et al. 1989b). This approach
allows the use of radio-tagging data to estimate
survival rates and requires at least 20 (preferably
more) birds with radios. These approaches are
rigorous and generate survival data that can be
compared statistically, e.g . , between years, sexes,
or sites. Quail workers should plan to use marked
birds (bands or radios) if they wish to address
questions of survival.

RADIO-TAGGING

Radio-tagging represents a relatively new tech
nology in wildlife research. The use of radio-tag
ging has opened new doors because of the ability
to determine the location and status of in
dividuals without having to flush or disturb the
birds. White and Garrott (1 990) have provided an
excellent review of the use of radio-tagging , and
anyone seriously using telemetry should refer to
this resource. The primary uses of telemetry data
are (1) home range analysis (White and Garrott
1990), (2) analysis of habitat use (e.g . , Wiseman
and Lewis 198 1 , Cantu and Everett 1982), and (3)
analysis of survival and mortality rates (Pollock
et al. 1989a, b).
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Home Range Analysis

Three basic approaches have been taken in the
estimation of home range sizes. The convex
polygon home range has been used since the
1940's. This commonly used method simply es
timates the home range as that area created by
connecting the outermost locations of the in
dividual being studied. Although easily applied, a
potential difficulty with this method is that the
home range as defined by the convex polygon may
contain large areas where no animal observations
were made, over-estimating the home range. Jen
nrich and Turner ( 1969) proposed the use of the
bivariate normal home range. This estimator as
sumes that observations are distributed in a
bivariate normal fashion and provided more
statistical rigor than occurred in the convex
polygon. However, this approach is valid only
when the observations are in fact bivariate nor
mal, a situation that may not often occur.
More recently, Dixon and Chapman ( 1 980)
proposed a nonparametric estimator that is based
on the harmonic mean of the areal distribution of
observations. This approach is attractive because
it does not require assumptions about underlying
data distributions and it allows the user to define
home range contours that represent the intensity
of use. This removes the problem of "holes" within
the home range. However, this technique is sen
sitive to the grid scale that is used underlying the
observations; thus results may not be directly
comparable among studies if different scales are
used. White and Garrott (1990) provide details
concerning the computation of these and other
home range estimators.
The use of radio-tagging data for survival
analysis has been addressed above and the ap
plication of these data to habitat analysis will be
found in the next section.

Telemetry Error and Its Effects

Radio-tagging represents a "high -tech" ap
proach to wildlife research. It is not uncommon
for researchers to h ave committed tens of
thousands of dollars to receiving and transmit
ting equipment. Given this investment in equip
ment, and the nature of receiving a signal on
expensive and apparently accurate equipment
from a radio on a quail that may be several km
away, we at times may be too trusting of the data
we collect. Unless the investigator is homing (i.e . ,
actually visually locating) on the individual being
tracked, the bearings taken on transmitters are
subject to error. Some factors that may influence
the accuracy of the bearing are (1) signal bounce
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as a function of terrain or vegetation, (2) animal
movement, (3) weather, (4) equipment failure,
and (5) user error.
The traditional approach to accounting for
error in telemetry studies is to acquire a number
of bearings on transmitters of known location
after which standard deviation of these bearings
is calculated. The error of all observations is as
sumed to be normally distributed, and the derived
standard deviation is applied to all azimuths ob
tained. Thus, the intersection of 2 or more
azimuths on an individual is calculated as a point,
and the error assumed for the azimuths is used to
calculate a polygon around the point that repre
sents the uncertainty in the location. The size and
shape of the error polygon is a function of the
average telemetry error, the distance between the
azimuth intersection and receiving point, and the
angle of intersection.
Because error associated with an observation is
likely to be different for each observation, it is not
reasonable to assume a uniform error across all
azimuths. Lenth ( 198 1) presented an approach to
estimating an error ellipse around each set of
azimuths for 1 particular observation. This tech
nique allows determination of the extent of error
associated for each observation, and can incor
porate factors that may have influenced accuracy
at the particular time the observation was taken.
When possible, investigators should use the ap
proach of Lenth ( 198 1) to determine error as
sociated with their telemetry observations.
Even though an investigator may indicate that
error polygons have been calculated, we seldom
know the effect of the error on interpretation of
home range or habitat use patterns. In a study on
red-shouldered hawks (Buwo lineatus), Senchak
(1991) found that, when taking 3 simultaneous
azimuths (with 3 observers) on a hawk, con
fidence ellipses ranged from 0.06 to 1 600 ha; the
average 95% error ellipse ranged from 29 to 2 1 3
h a for 5 different hawks. Clearly, if we were to
draw conclusions concerning home range size, or
habitat affinity, we might not be able to do so with
great confidence. I would expect a similar range
of error for telemetry observations in typical quail
habitat. Such error would be especially disturbing
if habitat use is being assessed. For example, if
error polygons or ellipses were 1 0- 1 5 ha in size,
and habitat patches were < 1 0 ha, we could not
make any solid statements concerning habitat
use, because we could not be confident about
which habitats were being used. Thus, I believe
that we need to be cautious in interpreting
telemetry data when triangulation is used. When
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possible, it is preferable that the investigators
home in on the birds (coveys).
In addition to the effect of triangulation error,
we need to consider potential effects of actual
telemetry equipment on the animals we are
studying or our interpretation of data. Sometimes
the attachment of transmitting equipment may
increase mortality or affect behavior of the animal
(e.g., Small and Rusch 1985, Marks and Marks
1987). Thus, it is important to design transmitter
packages that minimize behavioral effects. It is
also important to retain consistency in equipment
used. Burger et al. ( 199 1) reported that the use of
2 different transmitter types on greater prairie
chickens (Tympanuchus cupido) resulted in es
timates of greater daily movements, within-day
movements, and seasonal ranges for the birds
with the more powerful transmitters. Their
results suggest it would be risky to change trans
mitter types within a study and that data on
movements, survival, or home ranges may not be
comparable between studies that use different
equipment.

HABITAT EVALUATION

Throughout the history of quail management
and research, emphasis has been placed upon
habitat. The general nature of habitat analysis
and assessment was qualitative for a relatively
long time, and is reflected in the literature report
ing habitat relationships (e.g. , Stoddard 193 1 ,
Rosene 1 969). I n the late 1960's and through the
1970's the emphasis in habitat analysis shifted
from qualitative, descriptive approaches to more
rigorous, statistically oriented methods. Because
of the numerous facets of habitat measurements,
multivariate statistics received a considerable
amount of attention at this time (e.g. , Capen
198 1). This trend was general throughout ecologi
cal fields, and was evident for quail also. For
example, Stormer ( 1984) used radio-tagging and
discriminant function analyses to analyze roost
sites of scaled quail, and Brennan et al. ( 1986)
developed multivariate models of habitat use by
California quail. I address 2 aspects of habitat
analysis: habitat preference assessment and
habitat quality assessment (i.e. , modeling).

Habitat Prefe rence Assessment

Effective habitat management is predicated
upon a knowledge of which particular habitat or
cover types are of greatest importance to the quail
species being managed. It also is important to
know the specific habitat conditions within each
type that are preferred, along with the proper
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juxtaposition and interspersion of habitat com
ponents. Accordingly, it is critical to be able to
determine accurately the preference of quail for
particular habitat components (disproportionate
use of a habitat component, relative to its
availability). It is critical to have data on habitat
availability for comparison to use; without such
informatio n , little can be said concerning
preference or avoidance.
Thomas and Taylor (1990) provide an outstand
ing overview of approaches to determining
habitat preference. They identified 3 basic
designs of habitat preference studies. In the first
design, availability of resources (= habitats) and
relative use is estimated for all animals studied;
there is no separation of individuals. Such data
might arise from a situation where use is es
timated from drive counts or observations along
road transects, and habitat is estimated from
aerial photographs for the whole study area.
Design 2 represents the situation when use has
been determined for individual animals and
availability is estimated for the whole study area.
This would arise, for example, when use is deter
mined from telemetry locations for individuals,
but habitat availability is estimated for the whole
study area. For the third design both use and
availability are estimated for each individual
being studied. Such conditions might occur when
individual home ranges are determined for a
covey and availability determined within each
home range and compared to the covey locations
within the home range.
Use and availability data recorded for any
design can be continuous or categorical. For ex
ample, continuous variables such as canopy cover
of various habitat components or tree and shrub
density might be compared at sites used within
the study area (or home range) and compared to
the same measurements for random sites using
either univariate or multivariate statistics
(Capen 198 1). Presumably, significant differen
ces between use and available site reflects
preference on the part of the quail.
Data on the number of observations within
particular habitat classifications may be analyzed
in a variety of ways. When the relative propor
tions of habitat availability are known exactly
and use is estimated, the approach of Beyers et al.
( 1 98 4 ) , would be appropriate. When both
availability and use are estimated, the approach
of Marcum and Loftsgaarden (1980) is preferred.
These approaches would work for all 3 study
designs noted above. For design s 2 and 3, the
approach of Johnson (1980), which uses ranks of
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relative use and availability, would be ap
propriate. Relative merits of these and other ap
proaches have been reviewed by Alldredge and
Ratti (1986).
A common tendency when conducting habitat
preference analysis, especially when using radio
tagging data, is to combine all use observations
(i.e. , a design 1 situation). Doing so assumes that
each individual studied responds to the habitat in
the same way as every other individual. Unless
this can be shown (e.g. , by a nonsignificant chi
square among birds) there is no justification for
pooling birds. I encourage investigators to
analyze habitat preference for each individual
bird whenever possible. Information such as " Ten
of the 1 5 birds radio-tagged p referred fallow
field,s'' is much more informative than saying "for
all birds combined fallow field$ were preferred."

H abitat Quality Assessment

Once useful information on habitat preferences
and requirements for quail at a variety of scales
(e. g . , landscape level, home range level, and
within home range selection) is available, we can
evaluate the quality of a parcel of land and deter
mine management needs, Hanson and 11iller
(196 1 :75) stated, "The work of game managers
would be aided if they could readily identify some
attribute of cover that permits rapid estimation
of carrying capacity for bobwh ite." In other
words, they called for the use of habitat evalua
tion models. Many managers may question the
need for using habitat models. Through ex
perience in the field, they may have developed a
very good "feel" for the needs of the species they
are managing and can assess the quality of
habitat on an area without use of formal models.
In such a case, a relatively qualitative, mental
model is being applied, However, it is not likely
that 1 person's mental model is the same as
another's. Thus, different people probably would
evaluate the same area differently. Using formal
ly developed, more rigorous models, allows stand
ardization and consistency in evaluating habitat.
Models also can enhance our understanding of
wildlife-habitat relationsh ips and may indicate
areas where more work is needed. Additionally,
using models allows the simulation and predic
tion of expected effects of different management
strategies on quail populations.
Models of quail-habitat relationships may take
a variety of forms. Several modeling approaches
and their application have been presented in the
symposium proceedings edited by Verner et al.
( 1986). Brennan et al. ( 198G) used several statis-
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tical approaches to developing habitat assess
ment models for mountain quail. Schroeder
(1985) developed a Habitat Suitability I ndex
(HSI) model for the northern bobwhite. This ap
proach represents a synthesis of all available in
formation into a structure that allows systematic
evaluation of a habitat parcel. A modification of
this model is being used in conjunction with other
HSI models by the U.S. Fish and Wildlife Service
to assess effects of the Conservation Reserve Pro
gram (CRP) on wildlife habitat. Stauffer et al.
( 1 990) used regression models developed for
northern bobwhite to evaluate potential effects of
farmland conversion to CRP lands under a variety
of scenarios for Virginia. These methods are not
used as much as they might be, and it would be
useful to develop and apply more models for other
quail species in the various regions where they
occur.
Habitat models are viewed by some with skep
ticism. This often is a result of a lack of under
standing of the purpose for which models have
been developed. A model is not likely to explain
all the habitat-use patterns seen in a quail
population; rather, it is an attempt to summarize
the salient aspects of the habitat ecology of an
animal, with the intent to provide the greatest
amount of information with the fewest variables.
Users must be aware of the assumptions and
proper application of models prior to their use; if
assumptions and range of application for a model
are not explicit, the model is likely to be of little
use. A common assumption associated with
habitat models is that higher quality habitats will
have higher population levels. This has been ad
dressed by Van Horne (1983), who pointed out
that for some species in some situations this
relationship might not hold. She noted that we
also should use information on survival and
fecundity when evaluating habitat. However,
such information is often much more difficult to
obtain than some index of density.
Perhaps one of the greatest hindrances to in
creased use and application of models is the ten
dency for managers and researchers to move in
diffe�ent realms. Bunnell (1989) has presented a
cogent discussion of habitat models and the con
trast between managers, who he called "al
chemists,'' and researchers, who were designated
"cerebral anarchists." Often communication be
tween these 2 camps is not as strong as it should
be. Managers are faced with immediate challen
ges, must manage populations and habitats, and
will do so with the tools at hand. Researchers,
however, tend to desire more time for study and
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data collection and, once the data have been
analyzed, may not provide their results in a form
suitable for use by managers. For example, a
researcher might develop a detailed discriminant
analysis or logistic regression model to predict the
probability that an area is suitable for quail, but
the model might require data of such detail or
difficulty to sample that a manager will not use
it. Although we may have learned more about how
the animal responds to its habitat, we have not
gained in our ability to manage it. In such a case,
it might be more suitable to construct a model
such as a HSI with fewer, more easily measured
variables, that will allow relatively rapid assess
ment of habitat quality. I believe that greater
effort needs to be made to draw researchers and
managers closer together. Researchers need to
make a greater effort to provide results that are
directly applicable by those charged with manag
ing our quail resources. At the same time ,
managers need to work with researchers to let
them know their needs and to better understand
the intricacies and limitations of research.

METHODOLOGICAL THOUGHTS
ON STUDY DESIGN

Recently, substantial thought has been given to
the means by which we as wildlife managers and
researchers gain knowledge (e.g. , Romesburg
198 1 , 199 1 , Murphy and Noon 1 99 1 , Sinclair
199 1). In the field of wildlife science, we could do
a considerably better j ob in design and analysis of
our studies. Research dollars are relatively scarce
and we need to put forth the best possible effort
with the resources available to us. Romesburg
( 1981) emphasized the need for more rigor in
design and execution of wildlife studies and he
championed the use of the h )1)othetico-deductive
method to gain reliable knowledge. Although we
cannot always meet his suggestions, we should
strive to have clearly stated objectives for studies;
too often, even now, studies are undertaken with
unclear goals that result in expenditure of time
and money with little return.
Hurlbert (1984) helped sensitize researchers to
the need for true treatment replicates when con
ducting studies. Without replication of treat
ments, it is difficult if not impossible, to make
unequivocal statements concerning treatment ef
fects. For example, Cantu and Everett (1982)
studied effects of grazing practices on northern
bobwhite. They studied 4 pastures, each com
posed of different habitat (open pasture, dense
brush, patchy planted habitat, and open savan
nah) and each with a different grazing intensity.
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Because of the lack of replication, no statement
can be made concerning grazing effects; any effect
noted could just as easily be attributed to site
differences associated with habitat. No degree of
subsampling within a site can compensate for the
lack of treatment replication. More information
would be gained from taking only 2 or 3 samples
from each of 5 treated and 5 untreated sites than
by taking 20 samples each from 1 treated and 1
untreated site. Even if there is no replication, it
may be possible to draw some inferences; how
ever, in such cases the investigator needs to ac
knowledge the tentative nature of the results
(e.g. , Webb and Guthery 1982).
The use of statistical procedures has become a
necessary evil in quail management and research.
Although it may at times seem we are simply
seeking "statistical sanctification" for results, the
appropriate use of statistics in study design and
analysis can enhance our understanding of the
processes we study. Hanson and Miller (196 1 :75)
stated, "It is becoming a truism that statisticians
may prove more helpful before research begins
than afterwards." It is critical that researchers
and managers have an understanding of basic
statistical concepts, or consult with biometricians
or statisticians, prior to undertaking research. No
amount of statistical data massage can compen
sate for poor study design. The use of studies that
are replicated and stratified should be em
phasized. This is not necessarily a new idea;
Kozicky et al. (1956) presented an elegant design
for stratified sampling of quail for Iowa.
Traditionally, we have relied on parametric
statistics (e.g, t-tests and F-tests) for analyses
that make an assumption of a normal data dis
tribution. Seldom, however, do our data actually
meet the assumptions of normality. It is impor
tant to be aware of the assumptions of the techni
ques we use, whether for population estimation,
radio-tag 6>ing, modeling, or statistical analysis. If
we do not meet assumptions, then our results may
be suspect. Concerning statistical analysis, the
assumption of normality may be met by trans
forming data in some cases. Other alternatives
include the use of nonparametric statistics such
as Kruskal-Wallis or Wilcoxon Rank Sum tests.
More recently, a new family of procedures, based
on permutations of the actual data have been
developed (Biondini et al. 1988). These techniques
make no assumptions concerning underlying data
distributions, and I encourage investigators to
use such techniques when possible.
One last statistical concept I wish to address is
power, which is the probability of detecting a
44
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difference (i.e., reject the null hypothesis) when in
fact a difference exists. The concept of power has
been known as long as has the idea of Type I error,
or alpha, but it has only recently gained much
attention (e.g., Toft and Shea 1983). We often
work with relatively small sample sizes and may,
as a result, fail to detect significance in a test; at
such times, it is useful to be aware of what our
ability was to in fact detect a difference. For
example, in a recent paper, Janvrin et al. (199 1)
reported that detection rates of radio-tagged
northern bobwhite in a study on drive counts did
not differ among field seasons (X2 = 9. 7 1 , 3 df, P
= 0.08) and data were pooled for further analysis.
However, the power of this particular Chi-square
test was approximately 15% (from tables in Cohen
1988). Thus, in this case, with only 15% prob
ability of detecting a difference, and with a sig
nificance level of0.08, one might infer that in fact
there was a difference among seasons and decide
not to pool. (By using this example I in no way
mean to detract from the very solid data and
useful conclusions presented in this paper; this is
solely for illustration.) Cohen (1988) presents ap
proaches for determining power for most common
statistical tests. I believe it would benefit us all if
we considered the power of our statistical tests
along with the significance level when interpret
ing results, particularly when small sample sizes
are involved.

CONCLUSIONS

So, where are we in terms of quail methodology,
and where do we need to be? We have available to
us a variety of methods for estimating population
levels and trends. I believe more effort should be
directed to developing statistically sound (e.g. ,
Kozicky et al. 1956) approaches to indexing quail
populations across space and time, probably with
some form of call-count surveys. Such information
should allow us to better track population trends.
General data such as that gained from hunter
surveys and wings should be treated with caution.
When the situation requires more rigorous
population estimation, transect and mark-recap
ture approaches should suffice if the assumptions
can be met.
Radio-tagging will continue to be an important
tool in our study of quail populations. However,
we need to improve our awareness of the assump
tions concerning use of this and other methods,
and especially to be cautious when triangulation
error m ay affect our results. In many instances,
we can do a better study design and should ad
dress the need for replication of treatments and a
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more rigorous treatment of data. Especially, the
assumptions of the techniques being used must be
understood and met; otherwise much effort may
be expended with little return. In m any instances,
we should be using nonparametric or permuta
tion-based statistics rather than parametric
statistics based upon normal theory. When
feasible, we also should determine the power of
statistical procedures that are conducted and use
this information in our data interpretation.
A gap between researchers (at agencies and
universities) and managers (in the field) still ex
ists. If progress is to be made in determining
approaches to assessing needs and addressing
problems concerning quail, this gap needs to be
bridged. It is of utmost importance that we estab
lish a better working relationship and better com
munication between these 2 groups.
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ATTITUDES OF A SELECT GROUP OF ILLINOIS QUAI L HUNTERS
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Abstract: During the past 3 - 4 decades major social, political, economic, a n d environmental changes have taken

place in the United States that have greatly affected quail hunters, their quarry, and their sport. Against this
backdrop, we examined the attitudes and perceptions of a select group of Illinois quail hunters from 1954 to 1989
regarding issues such as stocking, predator control, habitat management, and harvest regulations. During this
time, hunters became increasingly cognizant of the importance of habitat and less inclined to demand unproductive
practices such as stocking. Concerns about predators peaked in the 1970's. Hunters in the 1980's tended to want
more liberal hunting seasons than did their predecessors. Possible explanations and implications of these trends
are discussed.
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Citation: Roseberry, J. L. and W. D. Klimstra. 1993. Attitudes of a select group of Illinois quail hunters. Pages
34-42 in K. E. Church and T. V. Dailey, eds . Quail III: national quail symposium . Kansas Dep. Wildl. and Parks,
Pratt.

Profound social, political, economic, and en
vironmental changes have taken place in the U.S.
over the past 3-4 decades. Many of these changes
have directly or indirectly affected wildlife and
their habitats. Populations of upland game in
cluding northern bobwhite (Colinus virginianus)
have dwindled in the face of intensified agricul
ture and expanding h uman developments
(Burger 1978, Klimstra 1982). Additionally, there
have been significant changes in public attitudes
toward the environment in general and wildlife
resources in particular (Decker and Goff 1987,
Wagner 1 989). Against this backdrop, we ex
amined attitudes and perceptions of selected Il
linois quail hunters from 1954 to 1989 regarding
their sport and quarry.
We extend our sincere appreciation to the many
quail hunters whose cooperation over the years
made this study possible. We also thank K Wood
for assistance in compiling the data. L. David, J.
Ellis, and A Woolf reviewed the manuscript and
provided helpful suggestions. The project was al
ternately funded by the Illinois Natural History
Survey; the Cooperative Wildlife Research
Laboratory, Southern Illinois University-Carbon
dale; and the Illinois Department of Conservation
through Federal Aid in Wildlife Restoration
Projects W-49-R and W-99-R.
1 Dr. Klimstra died February 25, 1993 .

METHODS

We conducted informal opinion surveys of Il
linois quail hunters annually from 1954 to 1989
in conjunction with other long-term research. Fol
lowing each hunting season, participants received
a postcard questionnaire requesting information
on hunting success and inviting general com
ments regarding bobwhite management. Respon
ses were classified into 1 or more of the following
categories: bobwhite behavior, weather, preda
tion, stocking , habitat, and harvest regulations.
The survey population consisted of a semiper
manent roster of 200-300 quail hunters from the
southern 34 counties of Illinois with new par
ticipants recruited each year as necessary.
During the last year of study, the survey also
included quail hunters from 1 6 counties in
westcentral Illinois. We received 3,628 responses
during the 36-year period of which 1 ,555 (42.9%)
contained comments relevant to this study. In
ferential statistics were not used because many of
the same individuals were surveyed over a num
ber of years; therefore annual samples were
neither random nor independent. For purposes of
analysis and presentation, responses were
separated by decade ( 1950's, 1960's, 1970's, and
1980's) and by bobwhite population trend (in
creasing/high years vs. declining/low years). Rela
tive status of annual bobwhite populations (in
creasing, declining , high, low) was based on
kill/effort data and on hunter opinion as to
whether there were more, fewer, or similar num49
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hers of bobwhite in their area compared to the
previous year.

tural practices became increasingly more un
favorable for upland wildlife.
The fortunes of bobwhite and quail hunters in
the 1970's were primarily affected by 2 major
phenomena. One was a pronounced shift toward
more intensive, monocultural farming practices
res �lting in large-scale destruction of upland
habitat and a marked reduction in bobwhite
ab � ndance throughout much of the country
(Klimstra 1982). The second important event was
a series of 3 historically severe winters that
depressed midwestern bobwhite populations to
all-time lows (Backs 1982, Henry and Shipley
1989).
The outlook for bobwhite and quail hunters
took somewhat of an upturn in the 1980's. Rela
tively beni?n w�ather permitted a slow recovery
of populations m those portions of their range
�here adequate habitat still remained. Encourag
mg too was a shift in agricultural policy toward
reduced tilla�e and other conservation farming
_
practices (Mmser and Dimmick 1988), and im
plementation of the 1985 Farm Bill including the
potentially beneficial Conservation Reserve Pro
gram (Isaacs and Howell 1988).
The number of humans inhabiting Illinois also
c�anged si�ificantly during our study, along
_
with their lifestyles and attitudes. The state's
population increased approximately 20% from the
� id- 1 950' s to 1 990, while resident hunting
license sales declined about 40% and the es
timated number of quail hunters declined >50%.

RESULTS
Temporal Trends in Bobwhite
Abund ance and N umbers of Hunters
Changing land-use patterns during the past
30-35 years have substantially reduced bobwhite
habitat, populations, and hunting opportunities
over much of the species' range (Brennan 1991).
In Illinois, estimated annual hunter harvests
declined from >2. 5 million birds in the late 1950's
(Freno and Labisky 197 1) to < l million in the late
1980's (Anderson et al. 1990). Superimposed on
this general downward trend was a series of more
dramatic, but temporary, fluctuations related
primarily to weather (Fig. 1).
The decade of the 1950's began with a series of
droughts tha t depressed bobwh ite numbers
throughout the Midwest (Stanford 1953). How
�ver, farming practices and agricultural policies
m many parts of the country were still conducive
to producing good bobwhite populations as a
byproduct. Consequently, by the end of the decade
bobwhite had attained densities that will likely
never be reached again.
The 1960's started with a month-long period of
late winter snow and cold that severely depressed
b obwhite numbers througho ut the Midwest
(Stanford 1972). Populations rebounded some
what by the mid-60's, but in retrospect, a general
long-term decline was already evident as agricul-
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Fig. l. Estimated annual bobwhite harvest in Illinois, 1956-90.
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When our survey began, 1 out of every 18 Illinois
residents hunted and 1 in 55 hunted bobwhite;
when the survey ended, 1 in 36 Illinois residents
hunted and 1 in 134 hunted bobwhite (Preno and
Labisky 197 1 , Anderson et al. 1990).

Hunter Attitudes
Bobwhite Behavior. -Nearly 113 of the usable
hunter responses mentioned bobwhite behavior.
The general perception was that birds were un
usually wild or becoming wilder (e.g. , flushing
ahead of hunters or dogs , running, etc.). Refer
ences to wildness were somewhat more common
in the 1950's and 60's (38. 0%) than in the 1970's
and 80's (28.4%). Certain cyclic Tetraonids are
thought to be wildest during and preceding
population lows (Grange 1949: 1 4 1 - 1 42, Keith
1 963:96, Bergerud I 972); in contrast, bobwhite
may be most wild j ust prior to peak population
phases (Roseberry and Klimstra 1 984:49). In the
present study, unusual prey wildness was men
tioned relatively more often during increasing or
high population phases (37. 8%) than during
declines or lows (27.4%). We compared reported
incidence of wildness to population age structure
to test the hypothesis that a high proportion of
adults in the fall population was a contributing
factor. However, there was no correlation between
the yearly juvenile:adult ratio and corresponding

percentage of hunters reporting unusual wildness
(r = -0. 17; P = 0. 3 1) .
Weather. -Hunters often cited weather during
the season as affecting dog work, hunting success,
etc; however, only comments relating weather to
bobwhite abundance are considered here. Of 1 7 1
such references, 45% were associated with just 3
periods: the severe late winter of 1 960, the succes
sive severe winters of the late 1970's, and the 1988
drought. As noted above, the first 2 weather
events caused substantial bobwhite population
declines in Illinois, whereas negative effects of the
1 988 drought were less severe than originally
anticipated (Roseberry 1989).
Predators/predation. ---A relatively s m a l l
proportion (7.8%) of hunter responses referenced
predators or predation, and only I in 5 of these
explicitly called for some type of control. We
suspect that these figures would have been higher
had the survey contained a specific question
regarding predator management. Proportionate
ly more hunters voiced concerns about predation
during years of declining or low populations
(8. 1 %) than during upswings or highs (5.2%).
Comments about predators were relatively con
stant (4.5-7. 3%) in the 1 950's, 60's, and 80's, but
peaked in the 1 970's at 1 8. 8% (Fig. 2). Two factors
may have contributed to this trend. First, the
greatest decline in bobwhite abundance occurred
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Fig. 2. Percentage of respondents referencing predators or predation by decade, Illinois quail hunter survey,
1954-89.
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Fig.3. Types of predators mentioned by decade, Illinois quail hunter survey, 1954-89.

during the 1970's (Fig. 1). In addition, there was
a dramatic increase in the distribution and abun
dance of coyotes in Illinois and throughout the
M id west d uring this decade (Hoffm eister
1989:271).This phenomenon also was reflected in
the specific types or groups of predators men
tioned by quail hunters during the study. Refer
ences to raptors and foxes were much more com 
mon in the 1950's and 60's than in the latter 2
decades ; in contrast, coyotes were not mentioned
in the 1950's and 60's (there were a few references
to "wolves"), but were commonly cited in the
1970's and 80's (Fig. 3). Coyotes also were fre
quently blamed for the perceived increased wild
ness in bobwhite.
Swcking. -The proportion of hunters specifi
cally recommending or calling for stocking as a
management option declined steadily from a high
of 15.8% in the 1950's to only 3.6% in the 1980's
(Fig. 4). As with comments about predation, we
suspect that these figures would have been higher
had the survey contained a specific question on
stocking.
Habitat. -This broad response category in
cluded any that evinced an awareness of the im -

portance of habitat (e.g., mention of habitat loss
or gain, need for habitat improvement, etc.). Of
the 1,555 responses we examined, 344 (22.1%) so
qualified. Relatively few hunters (7.4%) men
tioned habitat in the 1950's. This figure rose to
17.3% in the 1960's , then jumped to 24.5% in the
70's , and 26. 6% in the 80's (Fig. 4).
Harvest Regulatwns. -Twenty percent (311) of
respondents mentioned season length, opening
and closing dates, or bag limits.The incidence of
such references was lowest in the 1950's (15.3%)
and highest in the 1980's (23.9%). When possible,
comments were classified into 2 groups : those
recommending more liberal harvest regulations
and those recommending more restrictive or con
servative regulations. As m ight be expected, the
conservative:liberal ratio was higher during years
of declining or low populations (78:32) than
during years of increasing or high populations
(54:46). During the 1950's, 60's, and 70's, hunters
wanting more restrictive harvest outnumbered
those wanting more liberal harvest by a 2: 1 mar
gin. During the 1980's, however, the ratio was
approximately 1:1 (Fig . 5). Throughout the study ,
most hunters who expressed an opinion felt the
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season started too early. During the first 3
decades, the ratio of hunters wanting a later start
as opposed to an earlier one was about 8:2. In the
1980's, 100% of the hunters expressing an opinion
felt opening dates were too early. In apparent
contrast, only 25% of 850 Illinois quail hunters
surveyed by the Illinois Department of Conserva
tion (IDOC) in 1991 considered an opening date
of the first Saturday in November too early,
whereas 60% thought it about right (Anderson
and David 1992).The apparent difference in the
2 surveys probably reflects the tendency for dis
satisfied persons to volunteer opinions more
readily then satisfied ones (Young 1966:81).Prior
to 1980, less than half (45%) of the hunters who
mentioned closing dates felt the season should be
extended. During the 1980's, however, 80% of
such respondents wanted to hunt later in the
year. Fifty-six percent of hunters surveyed by
IDOC considered an early January closing to be
too early (Anderson and David 1992).

DISCUSSION

Attitudes and opinions regarding bobwhite
management have evolved substantially among
both quail hunters and wildlife professionals over
the past 4 decades. For example, stocking was a
popular and visible part of the overall upland
game-bird management program in Illinois
during the 1950's, 60's , and 70's. The IDOC
provided day-old chicks to sportsmen's clubs who
raised and released the birds at about 8 weeks of
age to augment wild populations. In 1981, the
agency publicly acknowledged that this 40-year
old program had been a biological and economic
failure (Ambrose 1981) and attempted to convert
it into a put-and-take operation by first encourag
ing then requiring participating organizations to
release birds just before or during the hunting
season.In 1986, the IDOC discontinued propagat
ing bobwhite in state facilities , but continued to
purchase chicks from private breeders for dis
tribution to sportsmen's clubs through 1990.
Public and professional attitudes regarding the
role of predators in natural communities have
also changed significantly over the years. Illinois
placed its last previously unprotected raptor, the
great-horned owl (Bubo virginwnus) on the
protected list in 1959. Bounties on red and gray
foxes (Vulpes fulva and Urocyon cinereoargen
teus) were ended in 1973, although both species
are still hunted and trapped. As of 1982, only 2
Illinois counties were still paying bounties on
coyotes (Canis latrans) although there has been a

year-long open hunting season on the species
since 1979.
Coincident with the renunciation of predator
control and stocking as viable management op
tions has been increased emphasis on habitat
restoration and management by the IDOC and
other natural resource agencies (Kenney 1985).In
addition, there have emerged new habitat oppor
tunities associated with federal farm programs
(Jahn and Schenck 1990). It is therefore not
surprising, but nonetheless encouraging, that Il
linois quail hunters have demonstrated a progres
sive level of sophistication over the past 4 decades
evinced by increased appreciation of the impor
tance of habitat coupled with correspondingly
fewer demands for unproductive practices such as
stocking.
On the other hand, present-day hunters tend to
demand more recreational use of the resource
than did their predecessors despite the fact that
the current season length of 60-65 days is about
twice as long as in the early 1950's (Fig. 6). We
find this attitude somewhat disturbing at a time
when the resource base may be shrinking. It is
difficult to reconcile a demand for longer and later
seasons with the apparent inverse relationship
between bobwhite abundance (indexed by total
harvest) and season length in Illinois over the
past 35 years (Fig. 7), even if no cause and effect
is assumed. It is tempting to speculate that
hunters in the 1980's merely reflected the prevail
ing societal attitude of the decade (i.e., "me first").
We must remember, however, that many present
day hunters do not benefit from a long-term
perspective such as provided by Fig. 7, either
because they are too young or because they do not
have access to reliable information. For many,
conditions have not deteriorated appreciably
during their hunting careers; and may, in fact,
have even improved for those who began hunting
in the late 70' s. Thus, it may not be surprising that
some hunters are demanding more consumptive
use of the resource than is perhaps biologically
justified (Roseberry 1 987, 1990).

MANAGEMENT IMPLICATIONS

Wildlife management is increasingly directed
by socio-political considerations as well as biologi
cal factors. It is expedient, therefore, for agencies
to be cognizant of hunter attitudes and concerns
when formulating management programs and
practices. Unfortunately, the wishes of hunters ,
and the influence they exert, are not always con
s isten t with sound resource management.
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Dahlgren et al. (1977) reported that Iowa hunters
scored higher than nonhunters in a test of
"wildlife knowledge"; however, Peterle and Scott
(1977) found that support for scientific wildlife
management declined among Ohio hunters be
tween 1960 and 1974. When hunter opinion is at
variance with biological reality, wildlife biologists
must address the problem through education. To
accomplish this, we must (1) determine prevailing
attitudes and perceptions among the various seg
ments of the hunting community, (2) identify the
source or basis of these attitudes and perceptions,
and (3) select and implement effective modes of
information transfer from wildlife professional to
hunter.
Program support from a well-informed public
has always been important to the wildlife profes
sion (Gilbert 1977), but never more so than now.
All too frequently, lack of public support (per
ceived or real) leads to usurpation of policy- and
decision-making powers by legislators or lay
groups.

LITERATURE CITED

Ambrose, D. 198 1. A bird in hand. Outdoor High
lights 9(2 1):6-8. Ill. Dep. Conserv. , Springfield.
Anderson, W . L. , L. K. Campbell and C. M.
Zielske. 1990. Illinois hunter harvest survey,
1989. Ill. Dep. Conserv. , Fed. Aid Wildl. Restor.
,Job Compl. Rep. , Proj . W-99-R, ,Job 1. 66pp.
and L. M. David. 1992. Results of the 199192Illinois quail hunter survey. Ill. Dep. Con
serv. Div. Wildl. Resour. Admin. Rep. 4 1pp.
Backs, S. E. 1982. An evaluation of releasing first
generation (F1) bobwhite quail produced from
wild stock. Ind. Dep. Nat. Resour. Pittman
Robertson Bull. 14. 1 7pp.
Bergerud, A. T. 1972. Changes in the vul
nerability of ptarmigan to hunting in New
foundland. ,J. Wildl. Manage. 36: 104- 109.
Brennan, L. A 199 1. How can we reverse the
northern bobwhite population decline? Wildl.
Soc. Bull. 19:544-555.
Burger, G. V. 1978. Agriculture and wildlife.
Pages 89- 1 07 in H. P. Brokaw, ed. , Wildlife and
America: contributions to an understanding of
American wildlife and its conservation. Counc.
Environ. Qual., Washington, DC.
Dahlgren, R. B. , A Wyw ialowski, T. A Bubolz
and V. L. Wright. 1977. Influence of knowledge
of wildlife management principles on behavior
and attitudes toward resource issues. Trans.
North Am. Wildl. Nat. Resour. Conf. 42: 1 46155.

41

Decker, D. ,J. and G. R. Goff, eds. 1987. Valuing
wildlife: economic and social perspectives.
Westview Press, Boulder, CO. 424pp.
Gilbert, A H. 197 7. Influence of hunter attitudes
and characteristics on wildlife management.
Trans. North Am. Wildl. Nat. Resour. Conf.
42: 226-236
Grange, W. B. 1949. The way to game abundance.
Charles Scribner's and Sons Puhl. , New York.
365pp.
Henry, ,J. ,J. and K. L. Shipley. 1989. First genera
tion (F1) progeny-their value in bobwhite quail
restoration. Ohio Dep. Nat. Resour., Fed. Aid
Wildl. Restor. Final Rep., Proj . W- 103-R-28-3 1 .
43pp.
Hoffmeister, D. F. 1989. Mammals of Illinois.
Univ. Ill. Press, Urbana. 348pp.
Isaacs, B. and D. Howell. 1988. Opportunities for
enhancing wildlife benefits through the Conser
vation Reserve Program. Trans. North Am.
Wildl. Nat. Resour. Conf. 53:222-23 1.
,Jahn, L. R. and E. W. Schenck. 1990. U.S. agricul
tural programs: implications for wildlife and
potential for improvement. Pages 359-37 1 in K.
E. Church, R. E. Warner and S. ,J. Brady, eds. ,
Perdix V: gray partridge and ring -necked
pheasant workshop. Kans. Dep. Wildl. and
Parks, Emporia.
Keith, L. B. 1963. Wildlife's ten-year cycle. Univ.
Wis. Press, Madison. 20 lpp.
Kenney, D. , Chairman. 1985. The crisis of wildlife
habitat in Illinois today. Ill. Wildl. Hab. Comm.
Rep. 1984-85. Ill. Dep. Conserv. , Springfield.
26pp.
Klimstra, W. D. 1982. Bobwhite quail and chang
ing land use. Pages 1-5 in F. Schitoskey ,Jr. , E.
C. Schitoskey and L. G. Talent, eds. , Proc.
Second Natl. Bobwhite Quail Symp . , Okla.
State Univ., Stillwater.
Minser, W . G . and R . W . Dimmick. 1 988.
Bobwhite quail use of no-till versus convention
ally planted crops in western Tennessee. ,J. Soil
and Wat. Conserv. 43:270-272.
Peterle, T. ,J. and ,J. E. Scott. 1977. Characteristics
of some Ohio hunters and non-hunters. ,J. Wildl.
Manage. 4 1 :386-399.
Preno, W. L. and R. F. Labisky. 197 1 . Abundance
and harvest of doves, pheasants, bobwhites,
squirrels, and cottontails in Illinois, 1956-69.
Ill. Dep. Conserv. Tech. Bull. 4. 76pp.
Roseberry, ,J. L. 1987. Quail for the future. Out
door Highlights 15(20):3-7. Ill. Dep. Conserv. ,
Springfield.

56

Church and Dailey: Full Issue
42

__. 1989. E ffects of the 1988 drought on
bobwhites in southern Illinois. Trans.Ill.State
Acad.Sci. 82(3&4): 169-176.
__. 1990. Managing the harvest. Pages 103108 in B. Wilson, ed., Proc. Quail Unlimited
Natl. Hab.Seminar 1989.Kansas City, MO.
__ and W.D.Klimstra. 1984.Population ecol
ogy of the bobwhite.Southern Ill. Univ. Press,
Carbondale. 259pp.
Stanford, J. A. 1953. Poor little Robert--or
bobwhite quail and drought in Missouri 1953.
Mo. Conserv. 14(11):1-7.

Quail III

__.1972. Bobwhite quail population dynamics:
relationships of weather, nesting, production
patterns, fall population characteristics, and
harvest in Missouri quail. Pages 115-139 in J.
A Morrison and J. C. Lewis, eds., Proc. First
Natl.Bobwhite Quail Symp., Okla.State Univ.,
Stillwater.
Wagner, F. H. 1989. American wildlife manage
ment at the crossroads.Wildl.Soc.Bull.17:354360.
Young, P. V. 1966. Scientific social surveys and
research.Prentice-Hall, Inc., Englewood Cliffs,
NJ. 576pp.

57

National Quail Symposium Proceedings, Vol. 3 [1993], Art. 33

QUAIL III

58

Church and Dailey: Full Issue

POPULATION TRENDS OF QUAILS IN NORTH AMERICA
KEVI N E. CHURCH, Wi ld life Re search Section, Kansas Departm ent of Wi ld l ife and Parks, Em poria,
KS 6680 1 -1 5 2 5
JOHN R . SAUER, Patuxent Wildlife Research Cente r, U . S . Fish and Wi ld life Service, Lau re l, M D 20708
SAM DROEG E, Office of M ig ratory Bird Management, U . S . Fish and Wild life Service, Lau re l, M D 2 0708
Abstract: We used North American Breeding Bird Survey data (1966-91) to estimate distribution, relative
abundance, and population trends of quails.Population trends in grassland/shrub birds sympatric with northern
bobwhite (Colinus virginianus) were also examined. Northern bobwhite and scaled quail (Callipepl,a squamata)
populations have declined since 1966. Rates of decline for these quails have increased during the past decade.
California quail (C. califomica), Gambel's quail (C. gambelii), and mountain quail (Oreortyx pictus) populations
have been stable over the long-term (1966-91). However, the short-term (1982-91) trend for California quail is
positive, whereas Gambel's quail appear to be declining. Patterns in trends indicate similar factors may be
negatively affecting breeding populations of grassland/shrub birds throughout the bobwhite's range. We discuss
plausible hypotheses to explain population trends and recommend future action.
Key words: abundance, Breeding Bird Survey, California quail, distribution, Gambel's quail, mountain quail,
North America, northern bobwhite, population trends, quail, scaled quail.
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Monitoring abundance and distribution of a
species is basic to wildlife conseivation. As a
result, most state conseivation agencies conduct
species-specific suiveys to monitor nonmigratory
game populations. However, not all states suivey
quail populations, and suivey methods frequently
differ. Consequently, data are lacking pertaining
to the geographic magnitude and pattern of
population change associated with each species of
quail throughout its range in North America.
The North American Breeding Bird Suivey
(BBS) has been conducted in a systematic manner
throughout North America for >25 years (Droege
1990) . These data provide an opportunity to
measure long-term changes in distribution and
relative abundance of breeding birds among
states, provinces, and physiographic regions. Fur
thermore, examining patterns of population
trends among sympatric species may help to iden
tify common factors affecting wildlife over large
geographic areas.
We analyzed BBS data to describe distribution,
relative abundance, and population trends of 5
species of quail in North America. In addition, we
examined population trends of 2 common raptors
and numerous passerines sympatric with north
ern bobwhite.
We acknowledge the conscientious and skilled
efforts of the thousands of volunteers responsible
for gathering BBS data. S. Clark and J. S. Taylor
prov ided comments that improved the
manuscript.

METHODS

The U.S. Fish and Wildlife Seivice and the
Canadian Wildlife Seivice coordinate the BBS
which consists of approximately 3,500 routes
throughout North America, of which 2,400 are
conducted each year during June (Droege 1990).
Routes are 39.4 km, and contain 50 evenly-spaced
obseivation stops along secondary roads. At each
stop, obseivers count all birds heard or seen
during a 3-minute inteival. The total number of
each species obseived on the route is used as an
annual index of abundance.
We used route-regression analysis to estimate
long-term (1966-9 1) and short-term ( 1982-91)
population trends (Geissler and Sauer 1990) .
Composite annual indices of abundance were
determined by estimating year effects from
residual variation remaining after the trend
analysis (Sauer and Geissler 1990). Trends were
estimated for individual states and physiographic
strata (Butcher 1990) where a species was ob
seived on > 1 3 routes. Populations were con
sidered stable when trends did not differ from 0
(P< 0. 10).
We identified a priori a guild of 13 passerines
that occupy grassland/shrub habitats within the
range of northern bobwhite. Then, we compared
population trends of the guild within states where
these species were sympatric with bobwhite. We
used chi-square analyses t.o determine whether
the percentage of sympatric species that had
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trend estimates <0 in a state was significantly
<50%. Similarly, for regions where bobwhite
declined, we determined th e p ercentage of
physiographic strata in which 9 passerines and 2
predators also had declining populations.

RESULTS
Quail Popul ations
Northern Bobwhite. -Northern bobwhite are
the most widely distributed (39 states and On
tario) and abundant quail in North America (Fig.
1). Highest densities occur in Oklahoma, Mis
souri, Texas, Kansas, and Georgia. The continen
tal population has declined (-2.4%/year) since the
mid- 1960's (Table 1) . We analyzed long-term
trends for 28 states; only in Wisconsin were there
increasing populations. Five states observed
stable populations, and 22 decreased. Similarly,
we analyzed long-term population trends within
28 physiographic strata. Only the Driftless
stratum indicated a long-term increasing trend, 6
strata were stable, and 2 1 populations declined.
The continental population declined over the
short-term ( 1982-9 1) at a slightly more ac
celerated rate (-3. 5%/year) than that observed for
the entire time period (Table 1). Populations in 5
states increased, and 5 were stable. Populations
in 16 of 26 states exhibited population declines.
Likewise, trends were positive for 3 of 25 strata,
6 were stable, and populations in 16 strata
declined.
California Quail. -California quail are the
second most widely distributed (5 states and
British Columbia) and abundant species of quail
in North America (Fig. 2). California has the
highest densities. The continental population has
been relatively stable since 1966 (Table 2). We
analyzed long-term population trends in 3 states
and 7 physiographic strata. All states and strata
had stable populations. However, since 1982, the
continental population has shown a slightly posi
tive trend (3.2%/year), due primarily to increased
abundance of quail in the California Foothills
stratum.
Scakd Quail. -Scaled quail were observed in
5 states (Fig. 3). The highest densities are found
in Texas. The continental population declined
(-3. 8%/year) since the mid- 1960's (Table 2) . We
analyzed 2 states and 2 physiographic strata.
Specifically, long- term populations in New
Mexico, Texas, and the Chihuahuan Desert
have decreased. Moreover, the rate of decline
since 1982 has been twice as rapid (-8.2%/year)
as that which has occurred over the long-term.

45

This short- term change reflects decreasing
populations in the Staked Plains stratum.
Gambel 's Quail. ----Gambel's quail were
reported in 5 states (Fig. 4). Arizona has the
highest densities. The long-term continental
population trend has been stable (Table 2) .
Likewise, populations in the individual states and
the Sonoran Desert showed no change. However,
the continental trend during the last 10 years was
negative (-4. 6%/year).
Mountain Quail. -Mountain quail were ob
served in 3 states (Fig. 5). The highest densities
occur in California. Both the long- (1966-9 1) and
short-term (1982-91) population trends in the
U.S. have been stable (Table 2).

Sympatric Species of Northern
Bobwhite
In general, long-term population trends of the
grassland/shrub guild ( 1 3 passerine species)
declined where sympatric with northern bobwhite
(Table 3). Specifically, >50% of these species
showed declining populations similar to bobwhite
in 23 of26 states. Of these, 6 states reported >87%
of the passerines were declining (P < 0. 10) . In
physiographic strata where bobwhite populations
were decreasing, each of the 9 sympatric pas
serines also declined in more strata (>56%) than
they increased (Table 4). Declines occurred in
>72% of the strata for 6 species (P < 0. 10). Con
versely, red-tailed hawks and great horned owls
increased in >70% of the strata where bobwhite
declined (P < 0. 10).

DISCUSSION

Population trends indicate marked long-term
declines for northern bobwhite and scaled quail.
The rate of decline has been greater for both
species during the last 10 years. In comparison,
long-term trends for more western species appear
stable. Although short-term trends of California
quail are increasing, those for Gambel's quail are
decreasing.
In general, our results concur with independent
estimates of population trends by others. Bren
nan (199 1 , 1993a) analyzed Audubon Christmas
Bird Count data (1960-88) and reported declining
populations of northern bobwhite and scaled
quail, and stable trends for Gambel's and moun
tain quail. He also reported declining populations
of California quail, and a reduction in the range
of mountain quail. Schemnitz (1993) noted scaled
quail populations declined 53% in the Oklahoma
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in North America, 1 966-9 1 . Shaded patterns define uniform regions of relative abundance.
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Table 1 . Long-term (1966-91) and short-term (1982-91) population trends and relative abundance (x-birds/route)
of northern bobwhite based on the North American Breeding Bird Surve�.
Long-term
Short-term
State/stratum
Trend
Abundance
Trend
Abundance
Alabama
Arkansas
Florida
Georgia
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maryland
Massachusetts
Michigan
Mississippi
Missouri
Nebraska
New Jersey
New York
North Carolina
Ohio
Oklahoma
Pennsylvania
South Carolina
Tennessee
Texas
Virginia
West Virginia
Wisconsin
Floridian
Coastal Flatwoods
Upper Coastal Plain
Mississippi Plain
Coastal Prairies
South Texas Brushlands
East Texas Prairies
Northern Piedmont
Southern Piedmont
Southern New England
Ridge and Valley
Highland Rim
Lexington Plain
Great Lakes Plain
Driftless Area
Ozark-Ouachita Plateau
Great Lakes Transition
Cumberland Plateau
Ohio Hills
Blue Ridge Mountains
Allegheny Plateau
Till Plains
Dissected Till Plains
Osage-Cross Timbers
High Plains Border
Rolling Red Prairies
High Plains
Edward's Plateau
Continental

-3.0***a
-2.4***
-2.5**
-3.5***
-3.3***
-2.3**
-4. 1 ***
- 1 .9
-2 .2***
-5.3***
-4.0***
-10.9**
-10.7**
-3.9***
-0.8
-0.6
-5.2***
-6.4***
-3.6***
-7. 1 ***
0.2
-1 1 .0***
-4.4***
-3. 1 ***
-1 .5**
-3. l ***
-5.3
5.5**
-2 .7*
-3.0***
-3.3***
-2.8***
-3.2**
-0.9
-5.3***
-1 1 . 1 ***
-3.6***
-10.7***
-3.6***
-2.3***
-3.6***
-9.9***
4.6*
-1 .8***
-3. 1 **
-4 .3***
-1 1 .0***
-4. 7***
-2 .6
-3.7***
-2.9***
-0.8
-2 . 1
0.9
-3.3
-2 .4**
-2.4***

36.48
25.34
19.52
36.92
23.65
20.19
8.68
30.45
26.37
15.08
31 .07
5.67
5.99
38.36
44.25
8.95
10.90
0.71
29.72
15.97
48.45
0.92
38. 5 1
27.54
37.89
27.42
5.60
1 .51
22.20
28.40
37.58
17.41
27.36
77.51
38.03
10.71
30.90
2.65
14.45
33.03
30.57
6.31
5.09
30.29
0.09
6.86
6.62
7.09
1 . 17
24.84
24.81
64.89
19.78
48.62
1 .20
4 1 .0 1
18. 14

-6.7***
-5.4***
-6.3***
-4. 4***
1 .5
5.7**
6 . 1**
1.8
-2.4**
-7.6***
-9.2***

28.27
2 1 . 10
16.08
30.43
20. 17
17.94
7.25
30.79
24.72
9.84
23.36

2 1 . 9***
-5.8***
1.7
5.3*
-12.6***

3.26
26.78
43.24
8.85
7.73

-6.2***
-1 . 1
-1 .9**
5.2*
-5.7***
-5.0***
-6.9***
-6 .6***
-8.0***
2.7
-5.8***
-6. l ***
-5.7***
-8.4***

22.70
5.86
48.30
0.21
29 .32
22.49
34. 89
20.83
2 .63
2 . 02
18.82
22.22
28.54
13.84

-8.6***
-1 1 . 7***
-1 1 .9***
-7.4***
-1 1 .9**
-5.6***
-3.0***
-1.6
20.4 ***
1 .7
- 1 .6

62 .47
28.99
6.23
23.97
1 .01
10. 36
29.64
27.93
2.90
5.22
26. 77

-7.0**

1 .33

6.2**
2.0
6.3***
-1 .6**
2.4
1 .8
-29.0*
-6 . l ***
-3.5***

0.48
20.55
23.97
62 .52
18.78
52.55
1 .22
36.00
16.62

a* = P < 0. 10, ** = P < 0.05, *** = P < 0.0 1 .
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Table 2 . Long-term (1966-91 ) and short-term (1982-9 1) population trends and relative abundance (x-birds/route)
of California, scaled, Gambel's. and mountain quail based on the North American Breeding Bird Survey.
Long-term
Short-term
Trend
Abun dance
Trend
Abundance
State/stratum
California quail
California
Oregon
Washington
Dissected Rockies
Pitt-Klamath Plateau
Columbia Plateau
Southern California Grasslands
Central Valley
California Foothills
Southern Pacific Rain forests
Continental

0. 1
-3.6
-0.6
2.1
2.4
-5. 0
5.3
2.2
-0.5
-0. 7
0.0

7.73
4 . 19
2.10
1 .66
3.90
4.06
2 1 . 30
3 . 79
19.65
4.41
3 .00

Scaled quail
New Mexico
Texas
Staked Plains
Chihuahuan Desert
Continental

-4.0*** 3
-3.9***
-3.5
-4 .4***
-3 .8***

6.73
9.17
8.97
20 .99
5.9 1

Gambel's quail
Arizona
California
New Mexico
Sonoran Desert
Continental

0.5
1 .9
0.5
0.4
0.6

17. 16
3.09
4 .63
28. 2 1
5.87

1.3
1 .0
-0.6
1 .9
1 .8
1 .0
1.1

5.00
0.57
9 . 75
1 .06
5.04
1 .38
2 .8 1

Mountain quail
California
Oregon
Sierra Nevada
Pitt-Klamath Plateau
Southern California Grasslands
Southern Pacific Rainforests
Continental
8

1 .9
7.2
2 .8
1 1 .6
3.1
4.1
-5.7
-6.9
3.9
-0.2
3.2

7.96
3.32
2.10
1 .63
4.32
3 .42
20.47
3.07
19.71
3.63
3.04

-1 1 .0***
-7.6*
-8.6***

5.72
7.45
16.64

-8 .2***

5.17

-3.3

25.53

-0. 3
-4.6***

26.22
9.09

-0.6

5. 1 1

-0 .8

1 0.89

0.2
0.6
-0.4

4 .82
1 .26
2 .86

* = P < 0. 10, *** = P < 0.0 1 .

Panhandle based on covey counts in the mid1850's and early 1880's. Kilbride et al. ( 1882)
indicated California quail populations in Oregon
have been stable since the early 1 8G0's.
Our data indicate declining populations of
bobwhite may be due to factors affecting all
grasslancVshrub birds. The factor most often iden
tified as affecting population trends is habitat
change. States in the central portion of the
bobwhite's range, where forestry and farming
practices have greatly altered habitat conditions ,
show the greatest number of declining species. In
addition, the G passerines declining in the most
regions are, like the bobwhite, relatively in
tolerant of urban landscapes. Land-use changes
like urban sprawl could in part be responsible for

the decline of num erous species over a large
geographic area.
Predators have long been recognized as major
causes of m ortality in bobwhite (Errington 1834,
Beasom 1 874). Great horned owls and red-tailed
hawks are widely distributed predators exhibit
ing increasing populations where bobwhite are
decreasing. Petersen et al. (1888: 183) reported
similar trends between these predators and
pheasan t populations. Furthermore, they noted:
"Predation on pheasants [by red foxes, great
horned owls, and red-tailed hawks] apparently
has increased since the 1840's, most notably since
18GO'' (Petersen et al. 1888: 1 8 1). Our data are not
sufficient to allow us to conclude that declines in
bobwhite populations are due to increased avian
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Table 3 . Proportion of declining populations among 1 3 passerines sympatric with northern bobwhite, 1966-9 1 .
Bobwhite
n declining (%)
trend (%/year)
n8
State
Alabama
Arkansas
Florida
Georgia
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maryland
Massachusetts
Michigan
Mississippi
Missouri
Nebraska
New Jersey
New York
North Carolina
Ohio
Pennsylvania
South Carolina
Tennessee
Virginia
West Virginia
Wisconsin

8 (80)
1 0 (9 1)
5 (62)
8 (73)
7 (88)*
5 (62)
6 (86)
8 (80)
8 (80)
6 (55)
8 (100)*
3 (43)
3 (43)
8 (80)
1 0 (9 1)*
4 (57)
5 (62)
5 (62)
6 (67)
5 (62)
6 (75)
6 (75)
1 0 (100)*
6 (67)
8 (89)*
3 (50)

10

11

8

11

8
8
7
10
10

11

8
7
7
10

11

7
8
8
9
8
8
8
10
9
9
6

-3.0***b
-2 .4***
-2 .5**
-3.5***
-3. 3**
-2 .3**
-4 . 1 ***
- 1 .9
-2.2***
-5.3***
-4.0***
- 1 0.9**
-10.7**
-3.9***
-0.8
-0.6
-5.2***
-6.4***
-3.6***
-7. 1 ***
-1 l .0***
-4.4***
-3. 1 ***
-3 . 1 ***
-5.3
5.5**

0
Species included in the analysis (field sparrow [Spizell,a pusill,a], indigo bunting [Passerina. cyanea], logger
head shrike [Lanius ludouicianus], brown thrasher [To.wstoma rufum] , Bewick's wren [Thryomanes bewickii],
Bachman's sparrow [Aimophil,a aestiualis] , gray catbird [Dumetell,a carolinensis], northern cardinal [Cardinalis
cardinalis], yellow-breasted chat [Icteria uirens], American goldfinch [Carduelis tristis], painted bunting [Pas
serina ciris] , prairie warbler [Dendroica discolor], and scissor-tailed flycatcher [Tyrannus forficatus]) that were
observed along the same routes as northern bobwhite .
b* = proportion different (P < 0 . 1 0) than expected by chance (50%), ** = P < 0.05, *** = P < 0 . 0 1 .

Table 4 . Population trends in physiographic strata for
passerines and predators sympatric with declining
populations of northern bobwhite , 1966-9 1 .
n strata with
n strata
declining
S2ecies
com2ared
202ulations {%)

Passerines

Gray catbird
Brown thrasher
Prairie warbler
Yellow-breasted chat
Northern cardinal
Field sparrow
Loggerhead shrike
I ndigo bunting
American goldfinch

Predators

Red-tailed hawk
Great horned ow 1

20
23
12
17
25
21
14
22
20
23
21

12
20
12
14
14
18
12
16
13

(60)
(87)*8
(100)*
(82)*
(56)
(86)*
(86)*
(73)*
(65)

3 (13)*
6 (29)*

* = proportion different (P < 0 . 1 0) than expected
by chance (50%).
0

predation, but they are consistent with Petersen
et al's.hypothesis for pheasant.

CONCLUSIONS

Quail populations in the east and central por
tions of North America are experiencing long
term declines that have been greater over the past
decade.In contrast, quails in the western part of
the continent are generally stable.It is notewor
thy that there were too few observations of Mon
tezuma quail (Cyrwnyx monfRzumae) along BBS
routes for analysis.We encourage potential volun
teers (e.g., state biol ogists) in the range of Mon
tezuma quail to gather BBS data.In addition, we
suggest state conservation agencies consider spe
cial population monitoring strategies (e.g., har
vest surveys) for this species.
Our analysis of a grassland/shrub g u ild
provides an alternative to conventional single
species approaches to habitat analysis. Although
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none of these species completely match the life
history ch a racteristics of quail, it appears
bobwhite may be a gu0d indicator of wildlife
habitat interactions in gr assland/shrub ecosys
tems (Farmer et al. 1988, Hays and Farmer 1990).
Quail are 1 of the most studied and intensively
managed taxonomic groups of wildlife (Church
and Taylor 1992). As a result, resourcemanagers
have assumed that our understanding of quail
biology is relatively complete. However, our
results indicate there is reason to question the
efficacy of current management practices for
bobwhite and scaled quail. Thus we support the
design and implementation of a comprehensive
approach to management and research at a na
tional level such as outlined in Brennan (1993b).
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POTENTIAL POLYGAMOUS BREEDING BEHAVIOR IN NORTHERN
BOBWHITE
PAUL D. CURTIS , 1 Department of Zoology, North Carol ina State Unive rsity, Raleigh, NC 27695
BRAD S. MUELLER, 2 Tal l Tim bers Research Station, Tal lahassee, FL 32 3 1 2
PH I LLI P D. DOERR, Department of Zoology, North Carolina State Un ivers ity, Raleig h , NC 27695
CHARLES F. ROBI N ETTE, 3 Department of Zoology, North Carolina State Un iversity, Raleigh, NC
2 7695
THEODORE DeVOS, 4 Tal l Tim bers Research Station, Tal lahassee, FL 3 2 3 1 2
(Colinus uirginianus) was observed at Fort Bragg
Military Reservation (n = 19), North Carolina, in 1985-88, and Tall Timbers Research Station (n = 27), Florida,
during 1984-86. We observed apparent polygamous breeding behavior in 95% (18 of 19) of the radio-tagged
northern bobwhite at Fort Bragg, and 93% (25 of 27) of the birds at Tall Timbers. We documented 5 cases of
double-clutching by radio-tagged females. Twenty-seven percent of Fort Bragg clutches (n = 30) , and 20% of Tall
Timbers clutches (n = 56) were incubated by radio-tagged males. Northern bobwhite exhibited characteristics of
both rapid multiclutch and ambisexual polygamous mating systems. Northern bobwhite are capable of uniparental
care, have long breeding seasons, live in an environment with fluctuating resources, suffer high predation pressure
during the nesting season , and raise precocial young; all traits that are similar to other bird species which have
evolved polygamous m ating systems.

Abstract: Breedin g behavior of radio-tagged northern bobwhite

Key words: breeding behavior, Colinus uirginianus, Florida, North Carolina , northern bobwhite, polygamy.
Citation: Curtis, P. D., B. S. Mueller, P. D. Doerr, C. F. Robinette and T. DeVos . 1993 . Potential polygamous
breeding behavior in northern bobwhite. Pages 55-63 in K. E. Church and T. V. Dailey, eds. Quail III: n ational
quail symposium. Kansas Dep. Wildl. and Parks, Pratt.

Despite more than 50 years of research, the
breeding biology of the northern bobwhite is poor
ly understood. Most researchers have assumed
bobwhite form monogamous pairs, and will renest
after the loss or abandonment of a previous nest
(Stoddard 193 1 , Lehmann 1946, 1984, Rosene
1969, Johnsgard 1973, Roseberry and Klimstra
1 984) . S t ettner et a l . ( 1 966) examined
monogamous behavior by switching mates of
several pairs of penned northern bobwhite. The
high level of aggression observed when new birds
were introduced in a captive environment was
thought to be indicative of strong monogamous
bonds. Brill (1934) reported polygyny in captive
northern bobwhite with a ra tio of 1 male:2
females or 2 males:7 females. Baldini et al. ( 1952)
noted that these sex ratios were likely only under
laboratory conditions, and stated that northern
bobwhite were monogamous in the wild.
1 Present address: Department of Natural Resour
ces, Cornell University, Ithaca , NY 1 4853.
2 Present address: American Wildlife Enterprises,
Tallahassee, FL 32308.
3 Present address: 504 Royal Palm Drive , Kissim
mee , FL 34743.
4 Present address: Department of Zoology, Auburn
University , Auburn , AL 36849.

Stanford ( 1 953) examined the breeding be
havior of captive northern bobwhite, and found
that 3 pairs attempted a second nest after the first
one was successful. When the first brood reached
13- 15 days old, the female started a second nest,
leaving the male to assume parental care for the
first brood. Kiel (1976) also observed renesting
attempts by captive northern bobwhite after pairs
had successfully hatched initial clutches.
Stoddard ( 193 1) documented that males may
take over incuba tion duties, and either sex may
be found at a nest. One sex assumed the primary
role of incubating eggs for each nest. Studies in
Georgia (Stoddard 193 1) and Illinois (Roseberry
and Klimstra 1984) indicated that males in
cubated about 26% of clutches. Male incubation of
eggs and subsequent brood-rearing emancipates
the female and increases the possibility of her
mating again (Emlen and Oring 1977) with either
the same or a different male. When uniparental
care can meet brood-rearing requirements, deser
tion by 1 parent may lead to higher reproductive
success than staying with the brood (Maynard
Smith 1 97 7) . Howeve r , previous res earch
provides little direct evidence of either monogamy
or polygamy for the northern bobwhite.
Recent advances in transmitter design (Shields
et. al. 1982) have allowed researchers to locate
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56

individ u a lly-m arked nort hern bobw h ite
throughout the breeding season (Sermons and
Speake 1987, Curtis 1990).During 1985, Sermons
and Speake ( 1987) observed that 6 of 16 (38%)
females had broods which disappeared when the
chicks were 7-35 days of age.These 6 females soon
paired with males, and 4 renested.During 1986,
2 of these 6 females again successfully produced
second broods. It was not known if juvenile mor
tality, brood abandonment (Lehmann 1 984), sur
rogate parenting (Stoddard 1931), or some com
bination of these factors w as responsible for brood
disappearance. Sermons and Speake (1987) did
not say whether radio-tagged females paired with
the same males for their second nest attempt. If
broods or clutches were left in the care of the male
that fertilized the eggs, and females mated with
different males for a second nest attempt (i.e.,
poly andry) , then the potential exists for a
polygamous mating system in northern bobwhite.
The purpose of this paper is to describe the
breeding beh avior of radio-tagged northern
bobwhite in North Carolina and Florida.
This effort was supported by Tall Timbers Re
searc h Station (TTRS ) , the Department of
Defense-Fort Bragg (FB), the International Quail
Foundation, the National Rifle Association, the
North Carolina State Agricultural Research Ser
vice, the North Carolina Wildlife Resources Com
mission, and Quail Unlimited.We appreciate field
assistance by biologists , technicians , and volun
teers. J. Walters, L. Brennan, and J. Fleming
provided helpful discussion and reviewed a draft
of the manuscript.

STUDY AREAS

We observed the breeding behavior of northern
bobwhite at TTRS in 1984-86, and at FB during
1985-88. Tall Timbers encompasses nearly 1,300
ha in northern Leon County, Florida. This site lies
within the Tallahassee Red Hills subregion of the
Coastal Plain, and is characterized by rolling clay
hills with gentle to moderate slope (Hendry and
Sproul 1966). Approximately 85% of TTRS is
woodland, primarily open stands of loblolly (Pinu.s
taeda) and shortleaf pine (P. echinata) inter
spersed with live oak (Qu.ercu.s virginia.na,). Smith
(1980) provided a detailed habitat description of
the area. Habitat at TTRS supports some of the
h ighest northern bobwhite numbers in the
southeastern United States Coastal Plain, and
densities greater than 1 bird/0.4 ha have been
observed. However, northern bobwhite popula
tions have declined at TTRS since peak numbers
were observed in the early 1970' s. Based on Peter-

s e n estim ates from recaptures of b anded
bobwhite, O'Brien et al. (1985) estimated there
were 976 birds occupying TTRS in 1979, com
pared to 515 bobwhite in 1982.
Fort Bragg lies within the Sandhills region of
Cumberland and Hoke counties, North Carolina.
Sandhills vegetation has been described by Wells
(1932) and Wells and Shunk (1931).The longleaf
pine-scrub oak-wiregrass (Pinu.s palu.stris-Qu.er
cu.s laevis, Q. marilandica, Q. incana, Q. mar
garetta-Aristida s tricta) community is found on
undisturbed upland sites. Fort Bragg contains
approximately 55,000 ha, of which about 70% are
woodland. Long burning rotations (5 years) and
infertile soils result in a sparse herbaceous layer
with few native legumes. Estimates from covey
mapping , trapping, and following radio-tagged
northern bobwhite, indicated fall densities of ap
proximately 1 bird/8.1 ha. Data from controlled
check stations at FB indicated bobwhite popula
tions peaked during 1972 (approximately 9,000
birds harvested postwide) , and then declined
dramatically through 1986 (approximately 650
bobwhite harvested postwide; Curtis et al. 1989).

METHODS

Northern bobwhite were captured primarily in
funnel traps similar to those described by Stod
d ard (1931:443). Peak trapping occurred in
January and February at both study areas. Addi
tional bobwhite were captured during May
through October at FB, and throughout the year
at TTRS. Funnel trap sites were usually prebaited
with cracked corn at least 10 days before each
capture attempt.At TTRS, traps were placed at a
density of 1 per 2-2. 5 ha, and covered with vegeta
tion to conceal them from predators. At FB, trap
densities were about 1 per 4-4.5 ha, and traps
were concealed at problem locations. Additional
bobwhite were caught by night-netting at roost
sites (Labisky 1968), and m ales were captured
during breeding season in mist nets to which they
were attracted by a tape-recorded call (Cink
1975).
Northern bobwhite caught for the first time
were sexed and marked with an aluminum leg
band. Once a bird was captured and radio-tagged ,
additional efforts were made to radio-tag at least
1 other covey member. The transmitter used at
both study sites was a logic-operated, crystal-con
trolled oscillator designed by Shields et al.(1982).
The 6-8 g collar was worn as a medallion below
the crop and concealed under breast feathers.
During a field test of this transmitter, no differen
tial mortality was detected between radio-tagged
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and banded northern bobwhite (Mueller et al.
1988).
Radio-tagged northern bobwhite were located
once daily throughout the breeding season (April
through October) to determine breeding status.
Nesting behavior was usually detected after in
cubation commenced, when a radio-tagged bird
was found at the same location for 3 consecutive
days. Associations with other radio-tagged north
ern bobwhite, unmarked adults, or broods were
recorded in the daily tracking records. Or
nithological studies have typically relied on as
sociation patterns to evaluate mating systems or
individual reproductive success (Gowaty and
Mock 1985: 1 1) . We realize that apparent mating
patterns based on associations , and actual
(genetically-effective) mating patterns, may not
be the same, and additional electrophoretic ex
clusion research will be necessary to elucidate the
differences. Electrophoretic exclusion techniques
have documented multiple maternity and pater
nity between care-giving adults and putative off
spring in apparently monogamous eastern
bluebirds (Sin.Zia sin.Lis) (Gowaty and Karlin
1984).
Monogamy has been termed a "mating-system
by-default" (Gowaty and Mock 1985: 4) , and has
served as a catch-all, where species are assigned
only when they fail to satisfy more easily specified
criteria of polygyny or polyandry. Consequently,
monogamous mating systems include a diverse
array of reproductive strategies that may have
little in common.
We defined apparently monogamous breeding
behavior based on social organization (1 male- I
female social units; Gowaty and Mock 1985: 12). If
a radio-tagged bobwhite was associated (flushed
or observed) with > 1 individual of the opposite sex
during a breeding season, we considered this
potentially polygamous behavior, even if no nest
was found. Radio-tagged bobwhite were as
sociated with both tagged and untagged in
dividuals on many occasions, and it was impos
sible to determine the actual outcome of these
encounters. Our definition based on social obser
vations may result in an overestimate of the ac
tual proportion of genetically-effective matings.
However, it was the best estimate of potential
polygamy, given that <20% of the bobwhite at
both study sites were radio-tagged (based on trap
ping records and visual observations), and no
electrophoretic exclusion work was conducted
during this study. Biweekly flush counts of radio
tagged birds or coveys were used to document
associations prior to the onset of incubation and

during brood-rearing activities. It was impossible
to flush radio-tagged bobwhite more frequently
without affecting survivorship, and some associa
tions with untagged birds were likely missed.
Nesting bobwhite of either sex were monitored
daily during the 23-day incubation period (Rosene
1969) to determine status of the tagged bird.
Broods were checked at TIRS by night-lighting to
determine chick mortality and parental associa
tions.

RESULTS

It was possible to determine the breeding status
of 19 radio-tagged bobwhite at FB. Eighteen
(95%) exhibited potentially polygamous breeding
behavior, and 1 (5%) tagged male bobwhite ap
parently stayed with the same tagged female
until his death during June (Table 1). This female
was subsequently associated with 2 other males,
and produced a clutch with another radio-tagged
bird during July. The breeding behavior of 4 1
bobwhite at FB could not be determined because
they were observed for only a portion of the breed
ing season (e.g. , males captured and tagged
during midsummer), or they were associated with
untagged birds on several occasions, and it was
impossible to determine if the same untagged
bobwhite was involved during each observation.
At TIRS, 25 radio-tagged northern bobwhite
(93%) exhibited potentially polygamous behavior,
and 2 birds (7%) remained with the same mate.
The breeding status of 74 radio-tagged bobwhite
at TIRS could not be classified.
During 1988 at FB, we documented 3 cases of
double-clutching by radio-tagged females. One
female successfully raised 2 broods with a tagged
male, who cared for her first brood while she
incubated a second clutch of eggs. While it is
impossible to confirm the paternity of the second
brood from observations alone, the same radio
tagged male was repeatedly seen with the female
during the month before her second nest was
found. The other 2 radio-tagged females raised
their first broods until 3-4 weeks of age, then
either lost or abandoned the chicks , and were
found incubating second nests (it is not known
whether they mated with the same male for both
nests). Both second nests were lost to predation.
We also observed a radio-tagged male incubating
2 different nests during a 5-day period. The fol
lowing clay, this male joined a radio-tagged female
and her brood, and he stayed with this group until
he was killed by a predator 1 month later.
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Table 1 . Breeding behavior of radio-tagged northern bobwhite at Fort Bragg Military Reservation (FB), NC,
1985-88; and at Tall Timbers Research Station (TTRS), FL, 1984-86.
1984

1985

1986

1987

1988

Total

Breeding behavior of radio-tagged bobwhite, n (%)

Monogamous

Polygamous
Not classifiable

FB
TI'RS
FB
TI'RS
FB
TI'RS

2
5
7

Number of bobwhite (%) ra,dio-tagged

Males

Females

FB
TI'RS
FB
TI'RS

7
7

Number of nests (%) incubated

Males

Females

FB
TI'RS
FB
TI'RS

1
3

1
4
15
8
31

5
12
36

5
24
7
22
2
8
4
17

7

7

11

10

7
18
5
23

12

8

7

9

1
2
4
25

2

3

3

11

10

1
12

8

2

4

1

1

6
5
5
2
4

5
9
2
5

2

10

3

3

Number of bobwhite (%) not <Msociated with a nest or brood

Males

Females

FB
TI'RS
FB
TI'RS

Number of broods (%) reared

Pairs

Lone females
Lone males

FB
TI'RS
FB
TI'RS
FB
TI'RS

2

1

During 1986 at TIRS, we observed 2 cases of
double-clutching by radio-tagged females. Both
females again raised their first broods to 3 weeks
of age, and then either lost or left the chicks to
incubate second nests. Both second nests were
lost to predation, and the paternity of broods was
unknown.
During 1985-88 at FB, 60 radio-tagged north
ern bobwhite (53% male, 47% female) were ob
served during the breeding season (Table 1 ) .
Radio-tagged bobwhite incubated 3 0 clutches,
and only 1 tagged bird was responsible for incuba tion duties at each nest. Twenty-seven percent of
clutches found were incubated by radio-tagged
males; radio- tagged females incubated the
remaining 73%. Of the 30 clutches observed, 1 7
(57%) were the first documented nest of the breed
ing season for tagged females, and 7 (23%) were
first nests for males. Four females (13%) and 1
male (3%) were located at 2 different nests during

3
2

1
2
18
25
41
74

( 5)
( 7)
(95)
(93)

32 (53)
49 (49)
28 (47)
52 (52)
8 (27)
1 1 (20)
22 (73)
45 (80)
1 1 (34)
22 (45)
5 (18)
7 (13)
22 (71)
16 (50)
7 (23)
9 (28)
2 ( 6)
7 (22)

the same breedin g season, and 1 female (3%)
attempted 3 nests in 1 year.
During 1984-86 at TIRS, 101 radio-tagged
northern bobwhite (49 males, 52 females) were
monitored during the breeding season (Table 1).
Radio-tagged bobwhite incubated 56 clutches,
and again, only 1 tagged bird was responsible for
incubation duties at each nest. Twenty percent of
nests were incubated by radio-tagged males, and
80% by tagged females. These proportions were
similar between sites (X2 = 0.50, df = 1, 0.25 < P
< 0.50). Of 56 clutches observed, 37 (66%) were
the first documented nest of the breeding season
for tagged females, and 10 (18%) were first nests
for males. Seven females (1 3%) and 1 male (2%)
were located at 2 different nests during the same
breeding season, and 1 female (2%) attempted 3
nests in 1 year. These proportions were similar
between sites for both females (X2 = 0. 30, df = 2,
P> 0. 50) and males (X2 = 0.09, df = 1 , P > 0.50).
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The proportion of broods reared by male and
female pairs, lone females, and lone males was
similar (X2 = 3.90, df = 2, 0. 10 < P < 0. 25) between
FB and 'ITRS (Table 1); however, there was a
trend for lone males to raise a greater percentage
of broods at TI'RS. Thirty to 50% of the broods
were uniparent (of either sex) , and 50-70% were
cared for by pairs (usually mixed sexes, but male
only pairs were observed).
We describe the following case histories of
radio-tagged bobwhite to illustrate potentially
polygamous breeding behavior.

Case History 1 . ----During summer 1 984 at
'ITRS, 5 radio-tagged and 2 untagged bobwhite
interacted throughout the breeding season (Fig.
1). Female 748 was associated with 2 males prior
to incubation, and both possibly fertilized a por
tion of the eggs in her nest. Male 7 49 was observed
during the early egg-laying stage of female 748's
nest, and eventually assisted with raising her
brood. Male 742 was found incubating female
744's nest with 1 1 eggs. Male 742 hatched 1 1 eggs,
and was then joined by another untagged male
which assisted with raising the brood.

APRIL 1

MAY l

748-F, 749-M OBSERVED
TOGETIIBR DAY AND NIGHT

744-F, 742-M
FOUND
TOGElHER

JUNE 1
LOCATED NEST, 1 EGG

ruLY 1

AUG l

SEPT l

748-F WllH UM-M
749-M VANISHES

••••

•••••

748-F BEGINS INCUBATION
UM-M VANISHES

744-F, 749-M, • • • • • • •
AND 746-M
FOUND TOGETIIER

748-F HATCHES I I-EGG CLUTCH •
749-M RElURNS, PAIR • • • • •
RAISE BROOD SUC'CESSFUlLY

744-F AND 746-M
SPEND LATE SUMMER
TOGETIIER, NO NEST

742-M STARTS
INCUBATING 1 1
EGGS, 744-F
DEPARTS
742-M
HATCHES
CLlITCH
742-M JOINED
BY UM-M,
BOTI{ RAISE
BROOD

Fig. 1 . Case history of the breeding biology of 5 radio-tagged and 2 untagged northern bobwhite from Tall Timbers
Research Station, FL, summer 1984 (M = male , F = female , UM = unmarked bobwhite).
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Case History 2.-Double-clutching is described

for a radio-tagged female at FB during summer
1988 (Fig. 2). Female 938 and male 941 success
fu lly raised 2 broods, with male 94 1 caring for the
f irst brood while female 938 incubated and
hatched the second clutch. Male 941 was also
observed with at least 2 other females while
female 938 was incubating her first clutch, and
during her first month of brood-rearing as a single
parent.

DISCUSSION

Lack (1968) indicated that about 90% of all bird
species are monogamous and, although the actual
p roportion may be l e s s , monogamy is the
predominant mating system for most bird species.
More recently, it has become clear that several
individual breeding strategies may be exhibited
by birds classified as apparently monogamous
breeders (Gowaty and Mock 1985). It is unclear
how many "covert" matings outside the 1 male- I

MAY l
938-F, 941-M OBSERVED
TOGETIIER

JUNE 1

938-F, UM-M OBSERVED
TOGETIIER
938-F INCUBATING FIRST
NEST

JULY l

AUG l

SEPT l

OCT l

•••••

•••

•••

••••••!

938-F WITH 9 ClilCKS, 941-M • • •
RETIJRNS TO ASSIST WITH BROOD

•••

•••
•••

941-M OBSERVED WITH UM-F
941-M OBSERVED WHISTLING
NEAR POND EDGE

••
••
••

938-F INCUBATING NEST,
941 -M lS m AWAY
938-F HATCHES 9 OF 1 1
EGGS, RAISES BROOD ALONE • • • • • • • • • • •

941-M OBSERVED WITH 969-F

I

941-M FOUND Wlilsn...ING IN
ANOTIIER FIELD

941-M FOUND WlilSTI..ING IN A
RYE FIELD

938-F FLUSHED FROM SECOND NEST
WITH 8 EGGS, 941 -M NEARBY WITH
ClilCKS

938-F HATCHES 7 OF 8 EGGS, JOINED
BY 941 -M AND OLDER ClilCKS
TlilS PAIR SUCCESSFUU.Y RAISES 16 ClilCJCS

Fig. 2 . Case history of the breeding behavior of 3 radio-tagged and 2 untagged northern bobwhite from Fort Bragg,
NC, summer 1 988 (M = male, F = female , UM = unmarked bobwhite).
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female social unit must occur for a monogamous
s ystem t o be clas s if ied as polygynous or
polyandrous (Gowaty and Mock 1985), although
the 5% benchmark has been used by others (Carey
and Nolan 1979).Variations in mating tactics for
apparently monogamous birds often confound
concepts and definitions of mating systems.
Polygamous mating systems are especially
common in precocial birds that do not feed their
young (Lack 1968, Orians 1969), presumably be
cause demands on parents are more often insen
sitive to brood size in such species (Walters 1982).
Rapid multiple-clutch mating systems have been
defined by Hilden (1975), and first described by
Graul (1973).In these systems, the female lays a
clutch that is attended by a male.The female then
forms a second clutch that she incubates, or gives
to a second male (in which case she may incubate
a third clutch). This avian social system is not
common, and may occur regularly only in a few
species of shorebirds and galliformes (Emlen and
Oring 1977). When environmental conditions
(e.g., unpredictable food supply, variable weather
conditions) are favorable, reproductive output can
be enhanced with only a slight increase in breed
ing time.
Rapid multiple-clutch polygamy has been docu
mented for the red-legged partridge (AlRctoris
rufa; Jenkins 1957), sanderling (Calidris alba;
Parmelee and Payne 1973) , mountain plover
(Charadrius montanus; G raul 19 73) , and
Temminck's stint (Ca/,idris f£mminckii; Hilden
1975). The California quail (Callipepla ca/,ifor
nica), which occasionally practices this mating
system (Francis 1965, Leopold 1977:92-93) , ex
periences severe biotic and abiotic environmental
fluctuations. All of these ground-nesting species
have precocial young that suffer moderate to high
predation losses (Emlen and Oring 1977), similar
to northern bobwhite.
Northern bobwhite are apparently similar to
California quail because females which exhibit
double-brooding leave their young when the
chicks are about 2 weeks old (Leopold 1977:93).
For California quail, double-brooding seems to
occur once or twice per decade in years highly
favorable for reproduction.Male California quail
rarely incubate clutches, and unmated males act
as foster parents in years when chicks are abun
dant.
Persson and Ohrstrom (1989) recently
described a new avian mating system , am
bisexual polygamy , in which sequential polygyny
and polyandry may occur simultaneously. Pen
du l ine ti ts (Remiz pendulinus) exh ibited
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uniparental clutch and brood care; of 140 clutches
observed, 48% were attended by females , 18% by
males, and 34% were deserted by both parents
before incubation. Polyandry was exhibited by
31% of females , and 69% attended their first
brood.Thirty percent of males assumed parental
responsibilities.It appeared likely that the female
made the primary choice to leave a clutch or stay
to incubate the eggs (Persson and Ohrstrom
1989).If the female decided to incubate, the male
could become polygynous.If the female departed,
the male could assume parental care or abandon
the clutch.Two females attended both their first
and second clutches, and mate-shifting occurred
between clutches.
The number of female penduline tits available
to breed diminished as the breeding season
progressed, and the operational sex ratio (Emlen
and Oring 1977) became increasingly male
biased.As males found their chances for success
fully breeding reduced, the best way to increase
their reproductive output was to assume parental
care.Females also may have exploited the skewed
sex ratio by becoming polyandrous , as they had a
greater probability of finding another mate. By
spending less time with each male, a female could
mate more often and increase the probability that
a male would care for some of her eggs.Persson
and Ohrstrom (1989) indicated that all males
attempted to practice polygyny, but some were
unable to do so because of female choice and
behavior. Uniparental care and a long breeding
season are necessary for this mating system to
develop.
We noted in both case histories , that northern
bobwhite females were associated with >1 male
during egg laying. Consequently, it is impossible
to determine the paternity of a brood without
electrophoretic exclusion analyses.In both cases,
the male that was present during early laying
stages eventually returned to help the female care
for the chicks.Schorn and Abbott (1974) reported
that the fertility of eggs laid by naturally-insemi
nated, captive bobwhite females dropped from
approximately 95 to 68% 4 days following the
removal of males. Roseberry and Klimstra (1984)
reported that only 3% of 3,249 eggs from 234 wild
nests were infertile. Therefore, female bobwhite
must be mating frequently to maintain high fer
tility rates. In cases where a female has as
sociated with 2 males during egg-laying , the
paternity of the brood could possibly be shared.
Stoddard (1931) noted the strong adoption ten
dencies of northern bobwhite.More than 90% of
males, females, or pairs not engaged in nesting
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readily adopted chicks put with them. Sermons
and Speake (1987) suggested that brood abandon
ment or surrogate parenting may lead to double
clutching. We observed 4 cases of apparent brood
abandonment during this study (6% of all broods
monitored).Polygamous mating behavior may be
more likely to increase reproductive output than
brood abandonment and subsequent renesting.In
fact, pairs helped raise 50% (n= 32) of the broods
at 'ITRS and 71% (n= 31) of the broods at FB.
Northern bobwhite should potentially be con
sidered polygamous breeders, as mating behavior
may shift between variations of p olygyny,
polyandry, or promiscuity. Northern bobwhite ap
pear to exhibit characteristics of both the rapid
multiclutch and ambisexual polygamous mating
systems, although neither system completely
describes the breeding associations we observed.
Northern bobwhite live in a fluctuating environ
ment, suffer high predation pressure during the
nesting season, and raise precocial young, similar
to other galliformes and shorebirds that have
evolved multiclutch systems. About 95% of the
radio-tagged bobwhite for which we were able to
document breeding status exhibited apparently
polygamous behavior at FB and 'ITRS, and our
case histories describe several mating and brood
rearing associations.

MANAGEMENT IMPLICATIONS

The importance of successful nesting and
brood-rearing cannot be overemphasized during
development and implementation of northern
bobwhite habitat management programs. When
environmental conditions are favorable, bobwhite
reproductive output may be enhanced with only a
slight increase in breeding time due to the
flexibility in breeding behavior. Because 70-80%
of the fall harvest usually consists of juvenile
northern bobwhite (Rosene 1969), the number of
birds in the fall population may be influenced by
the proportion of bobwhite exhibiting polygamous
mating strategies.
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Abstract: We used Christmas Bird Count reports in conjunction with precipitation data from 9 locations in Texas,
to investigate relationships between rainfall and northern bobwhite (Colinus virginianus) and scaled quail
(Callipepla squamata) abundance. Regional differences in northern bobwhite abundance could not be predicted
by precipitation regimes, whereas scaled quail abundance was negatively correlated with fall and winter rainfall.
Differences in rainfall patterns were not significantly correlated with year-to-year changes in northern bobwhite
and scaled quail abundance.
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Although most research suggests that quail
distribution and abundance are regulated
primarily by availability and quality of habitat
(Johnsgard 1973, Goodwin and Hungerford 1977,
Brown 1982, Brennan 1991, Rice 1991) , quail
populations periodically rise and fall even in
areas with high-quality habitat. These fluctua
tions as well as interregional differences in abun
dance appear to be due primarily to differences in
reproductive success (Lehmann 1953b, Parmalee
1955, Wallmo 1956, Robinson 1957, Speake and
Haugen 1960, Schemnitz 1961, 1964, Campbell
1968, Campbell et al. 1973, Roseberry and
Klimstra 1975).
Factors such as vitamin (Nestler 1946, Lehmann
1953a), mineral (Cain et al. 1982), and macro
nutrient deficiencies (Wood et al. 1986); increased
intake of phytoestrogens (Leopold et al. 1976, Cain
et al. 1987, Lien et al.1987); and water deprivation
or drought (Campbell et al. 1973, Kiel 1976, Cain
and Lien 1985, Koerth and Guthery 1991) have
been suggested as possible explanations for changes
in reproductive success . However, only water
deprivation, presumably due to annual and regional
differences in rainfall expressed as differences in
succulent foods and available free water, appears to
have potential to induce the dramatic population
fluctuations exhibited by quail populations (Koerth
and Guthery 1991).
The purpose of this study was to investigate the
relationship between rainfall and northern
bobwhite and scaled quail abundance, and to com
pare effects of changing precipitation regimes be
tween these 2 species .
This study was supported by the San Antonio
Livestock Show; the Noxious Brush and Weed
Control Program; and Texas Cooperative Fish

and Wildlife Research Unit, Department of Range
and Wildlife Management, Texas Tech Univer
sity. This is T-9-649 of the College of Agricultural
Sciences , Texas Tech University , Lubbock.

METH ODS

We used Christmas Bird Count (CBC) data
published in American Birds for 1966-91 from 9
locales in Texas to document regional and year
to-year differences in northern bobwhite and
scaled quail abundance. For interspecific com
parisons , we selected study areas within the area
of distributional overlap of northern bobwhite and
scaled quail. Location of the study areas roughly
corresponds to the western edge of northern
bobwhite distribution and the eastern edge of
distribution of scaled quail (Johnsgard 1973).
Christmas Bird Count locations included Amaril
lo (Potter County), Anzalduas-Bentsen (Hidalgo
County), Big Spring (Howard County), Falcon
Dam State Park (Starr County), Lubbock (Lub
bock County ) , Midland (Midland County) ,
Muleshoe National Wildlife Refuge (Bailey Coun
ty) , San Angelo (Tom Green County), and Stanton
(Martin County). CBC's were standardized by
dividing counts by person hours of observer effort.
We used both uncorrected rainfall data and
rainfall corrected for evaporative loss , using
Thornwaite's index of precipitation effectiveness
(Critchfield 1966) for our analyses . Using simple
and multiple regression (P � 0.05 needed to enter
the model) analyses , proportional change in
CBC's were compared to precipitation data (U.S.
EDS 1966-91) collected at each CBC location, to
determine year-to-year relationships between
rainfall and proportional change in quail abun
dance. Precipitation data were grouped by month ,
79

National Quail Symposium Proceedings, Vol. 3 [1993], Art. 33
65

Quail and Rain-Giulinno and Lutz

season (winter, spring, summer, fall, breeding,
nonbreeding), year, and difference from the long
term (1966-91) mean total annual rainfall for the
analyses. Pearson correlation coefficients were
calculated to determine correlations among
precipitation classes. Christmas Bird Counts
were compared to previous year's CBC and year
using simple linear regression.
To investigate regional differences in quail
abundance in relation to rainfall, for each study
area, mean precipitation class values were com
pared to mean quail abundances (1966-91) using
simple linear regression and stepwise multiple
regression (P _:s 0.05 needed to enter the model).
Precipitation classes were the same as those used
for year-to-year analyses.

RESULTS
Year-to-year Trends
Relationships between proportional change in
quail abundance and rainfall, and change in quail
abundance and rainfall corrected for evaporative
loss were highly correlated (r = 0.808, P = 0.000).
For each variable, the corrected rainfall com
parisons typically had smaller r and larger P
values. For simplicity, the following results and
discussion refer to analyses of uncorrected rain
fall data (!'able 1).
Abundance of both species of quail was shown
to be significantly, but weakly, influenced by
changing precipitation regimes. However, the fac
tor explaining the most variation in abundance of
both species was quail abundance the previous
year (northern bobwhite: r = 0.307, P = 0.000;
scaled quail : r = 0.322, P = 0.000).During the past
26 years, bobwhite abundance has not shown a
long-term change (r = 0.017, P = 0.791), while
scaled quail abundance has shown a decline (r =
-0.217, P = 0.001).
Changes in northern bobwhite populations ap
pear to be most sensitive to changes in precipita
tion during the previous breeding season (Table

1).Other significant predictors of bobwhite abun
dance were previous year's total rainfall and
precipitation during fall, June, and October
(Table 1). Previous year's total and previous
year's breeding season rainfall were highly corre
lated (r = 0. 783), as were October and fall
precipitation (r = 0.832).
Changes in scaled quail abundance were most
sensitive to variations in precipitation during
January and winter (Table 1). January and
winter rainfall were highly correlated (r = 0.652).
Using step-wise multiple regression, no multi
variable model was found to be significant (P >
0.05) for either species.

Regional Trends
No precipitation class significantly predicted
regional differences in northern bobwhite abun
dance. May precipitation explained the most
variation (r = 0.448, P = 0.227). Differences in
scaled quail abundance among regions were best
predicted by winter (r = -0.654, P = 0.056) and fall
(r = -0. 622, P = 0.074) rainfall. Using step-wise
multiple regression, no multivariable model was
found to be significant (P > 0.05) for either species .

DISCUSS I O N
Year-to-year Trends
Year-to-year differences in abundance of many
species of quail have been associated with varying
precipitation regimes. Research on California
quail (Callipepl,a californwa; Leopold 1977,
Botsford et al. 1988), and Gambel's quail (Cal
lipepl,a gambelii; Swank and Gallizioli 1954, Gal
lizioli 1960, 1965, Raitt and Ohmart 1968) found
significant relationships between the amount and
timing of precipitation and reproductive success
and survival.
Studies throughout the northern bobwhite
range have found significant positive relation
ships between year-to-year quail abundance and
reproductive success, and breeding season rain-

Table 1 . Significant (P :S: 0.05) relationships between year-to-year rainfall and changes in northern bobwhite and
scaled quail abundance based on Christmas Bird Counts in Texas, 1 966-9 1 .
Northern bobwhite
Scaled quail
Preci12itation class
Winter
Fall
January
June
October
Previous total
Previous breeding season

r

--0.059
--0 . 1 70
--0.099
0. 168
--0 . 1 59
0.276
0.292

r2

0.003
0.030
0.010
0.028
0.025
0.076
0.085

p

0.458
0 .032
0.2 1 2
0. 034
0.046
0.000
0.000

r

0. 163
--0.029
0.283
--0.078
0.015
--0.040
0.061

r2

0.027
0.001
0.080
0.006
0.000
0.002
0.004

p

0.029
0. 702
0.000
0 .295
0.840
0.593
0.414
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BREEDING STRATEGIES OF THE NORTHERN BOBWHITE IN MARGINAL
HABITAT
WILLIE J. S UCHY, Iowa DNR, Chariton Research Station, Chariton, IA 5 0049
RONALD J . MUN KEL, 1 Iowa DNR, Chariton Researc h Station, Chariton , IA 50049
Abstract: We studied nesting beh avior o f radio-tagged northern bobwhite (Colinu.s virginianu.s) i n south-central

Iowa from 1984 to 1 988. Female bobwhite incubated 78% of81 clutches where incubation was observed and males
incubated 22%. On only 1 occasion were both a male and female observed to incubate the same clutch. Incubation
was initiated on 73% of the nests by females before 1 July, while incubation was initiated on 56% of the clutches
by males after 1 July. Males hatched 16% of all clutches, first nests by females accounted for 69%, renests for 4%,
and second clutches by females that had already hatched 1 clutch for 1 1 %. Chicks from 3 of the first broods of
females that hatched � l brood survived for �l week and were not accompanied by other adults. These breeding
strategies appear to provide bobwhite populations multiple chances at recruitment in variable environments.

Key words: incubation . nestin g , nest success, northern bobwhite.
Citation: Suchy, W. J. and R. J. l\fonkel. 1993. Breeding strategies of the northern bobwhite in marginal h abitat.
Pages 69-73 in IC E . Church and T. V. Dailey, eds . Quail I I I : national quail symposium . Kansas Dep. Wildl. and
Parks, Pratt.

Nesting ecology of the northern bobwhite has
been extensively studied (e.g. , Stoddard 193 1 ,
Errington 1933, EJimstra 1950, Sim pson 1972 ,
Dimmick 1974, Klimstra and Roseberry 1975 ,
Roseberry and Klim stra 1981). Although these
studies h ave described many aspects of bobwhite
population dynamics, many others remain poorly
u nderstood. Recent miniatu rization of ra dio
electronics allows direct observation of bobwhite
nesting, survival, and productivity. Som e aspects
of bobwh ite b reeding behavior can on l y be
answered using radio-tagging to follow birds in
the wild.
Several studies have docum ented that males
regu larly incubate clutches (Stodda rd 193 1 ,
Klimstra and Roseberry 1 97 5). Usually males ap
pear to incubate nests by themselves. This raises
the question about the role males play in overall
productivity. Few studies document the relative
importance of these activities to overall produc
tivity in wild populations.
Sermons and Speake (1 987) observed 2 female
bobwhite successfully raise second broods in the
wild. Stanford ( 1972a) observed this phenomenon
for pen-reared birds. However, an assessm ent of
the importance of secon d broods to overall produc
tivity was not addressed by these studies.
This paper deals with part of the results from a
larger study on quail population dynamics. The
1 Present address: Iowa Dopartment of Natural
Resourcos, Rt. 1 , Boone. IA 500:3G.

goal of th e la rger s tu dy was to ide n t ify
m ech a n isms th at a l low quail populations to
recover quickly after dramatic declines. Here we
will specifically examine what strategies male
and female bobwh ite use to successfully con
tribute to productivity.
We thank J. Tellen and many other people who
worked long hours collecting data; J. Wooley, B .
Rybarczyk, a n d J. Kienzler fo r initiating the
proj ect; J. Kienzler, P. Curtis, and W. Burger for
their h elpful comm ents; and especially B. Fistler,
whose dedication made this proj ect a success.

STUDY AREA AND METHODS

Two areas were selected, a 794-ha site in Lucas
County and a 938-ha site in Wayne County, in
south-central Iowa. This is in the heart of Iowa's
best rem aining bobwhite habitat. It consists of
rolling topography with fla t, narrow ridges
separated by deeply cut drainages. Almost all of
the land (about 90%) is used for agriculture either
as rowcrops (primarily corn a nd soybeans) or as
pasture and hay ground. The proportion of land
in each cover type varied during the study, rang
ing from 35-45% rowcrops, 20-30% pasture, and
1 5-20% hay. Topography, however limits field size
in most areas and results in a greater intersper
sion of cover types. Most woody cover is found in
small woodlots of remnant oak-hickory (Quercus
Carya spp.) forest or along fcncerows and riparian
areas. These cover types make up about 1 2% of
the area. Most woodlots were grazed.
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RESULTS

A total of 190 bobwhite was followed into the
n estin g season . Males slightly outnumbered
females in ou r sample (!'able 1). Males initiated
incubation in 22% of all attempts and hatched
16% of all successful clutches. For all nests com
bined, the success rate for males was not differen t
from females (X2 = 2.60, P = 0. 107) although the
power of the test is low. Comparisons between
years indicate that the proportion of m ales initiat
ing incubation varied over a fairly small range
( 1 3- 19%), while the proportion of fem ales varied
over a m uch larger range (38-85%). The small
n umber of attempts by m ales precludes statistical
comparisons by year, but again the proportion of
females th at successfully hatched nests varied
considerably. Nest success was fairly constant
during the breeding season . For those nests where
incubation began before 1 June, 59% hatched.
Fifty-eight percent of the nests initiated between
l Ju ne and 1 July and 50% of those after 1 July
hatched.
It is importan t to remember that nesting at
tempts were only recorded when incubation was
recorded. This was clone because it was not un
usual for telemetry locations to indicate that a
bird h ad become localized to an area. Thus the
bird appeared to be laying a clutch but often a nest
was never found. Since incubation could be posi
tively identified, we u sed this as our criterion of
what constitutes a nesting attempt. Thus our
calculations of such m easures as success rates

We captured bobwh ite b y n ightlighting or with
baited traps and fitted adult birds with numbered
leg ban ds and backpack mounted radio transm it
ters (AV:M Instrument Co. Ltd. , Livermore , CA).
In this p aper \Ve only consider the nesting be
h avior of birds that were captured before 1 April.
This should minimi ze the influence th at trapping
and handling had on our results. Locations were
taken on each bird at least 5 times weekly using
vehicles with null-peak, twin yagi antenna sys
tems . Locations were u sed to identify when
bobwhite began incubation. Backdating from the
date of hatch for successful nests indicated in
cubation was usually identified on the first or
second day. The general a rea of the nest was
determined using a h a nd-h eld antenna and
receiver while the b i rd was on the nest. All nesting
birds were monitored several times each day. The
exact nest site was located wh en the bird was off
the nest. The fate of each clutch was determined
by examining the nest site a fter the radio- tagged
bird m oved away from th e n est.
Beginning in 1986, we captured and fi tted
bobwhite chicks with leg bands and subm iniature
transm itters weighing <1 g (Holoh i ll Systems
Ltd. , Ontario, Canada) from all b roods that were
hatched by radio-tagged birds before 15 ,July and
a sample of b roods h atched later. Ch icks were
captured using a modified nightlighting techni
que at 19-25 clays after hatch and followed daily
until their transmitters failed.

Table 1 . Nesting results for radio-tagged qu ail in south-central Iowa.

Year

Sex

n

1984

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

8
8
15
10
27
20
30
22
26
24
106
81

1985
1986
1987
1988
Total
8

Incubated

Hutched

1

0

2

1
7

4

11

6
20
5
13

4

15
18
63

�3

:'3

14
1
5
2
9
7
38

% of birds alive
on 1 Sept that

% of birds

Number of nests
Nest8
success

Reaching
incubation

Hatching
2::,l nest

Did not
incubate

Did not
h atch

0
75
50
64
50
70
20
38
50
60
39
60

13
38
13
70
19
85
17
45
15
63
16
62

0
38
7
50

1 00
50
75
0
56
0
67
33
73
0
70
12

100
50
88
0
67
0
92
50
82
25
79
24

11

55
3
23
8
38
7
39

Percent of nests that hatched where incubation was recorded .
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must be in terpreted with this in mind, especially
when making comparisons with other studies.
The earliest elate when incubation was initiated
was 10 May an d the latest 3 1 August.The period
when the largest proportion of incubation at
tempts was initiated differed between the sexes
(X2 = 5. 14, P = 0.024). Over 70% of attempts at
incubation by fem ales occurred before 1 July (Fig.
1). Attem pts by m ales were more evenly split,
with 56% occurring a fter 1 July. The earliest
clutch hatched on 5 June, the latest on 22 Septem 
ber. Fem ales hatching their first clu tch (where
incubation was recorded) accounted for 86% of all
nests hatched prior to 1 July, but only 54% of all
nests after that el a te (Fig. 2). Males accounted for
the rem aining nests prior to 1 July and 1 7% of
nests afterward. One of the nests by a male during
the latter period was from a second nest attempt
after an unsucc essfu l first attempt (renest).
Renests and second broods (second nests after
successful first attempts) by fem ales were respon 
sible for 8 and 2 1 % of nests hatched after 1 ,July ,
respectively.
Females that successfully hatched a clutch ,
raised a brood for anywhere from 1 9 to 25 clays ,
abandoned the brood, and then renested, were
observed in 3 of 5 years during the study. Of the
7 fem ales that exh ibited this behavior, 5 success
fully hatched second clutches. The date of hatch
for the first nest produced by these fem ales
ranged from 10 June to 2 July. In 1 98G, transmit
ters were attached to chicks in all broods hatched
during this time to determine the fate of the
chicks. Th ree of th ese fem ales successfully
produced a secon d brood. All 3 first broods were
still intact at least 1 week aft er the hen left. The
longest any of these broods was followed was for
3 weeks and that brood was still intact when the
last transmitter failed. No adults were observed
regularly associated with these broods. Second
nests were attem pted by 33% of all fem a les that
hatched prior to 3 ,July. In the last 2 years of the
study no fem ales attem pted a second nest, but
only 7 females hatched nests prior to 3 July.

DISCUSSION

Males appear to play a significant role in in
cubating and hatching nests. Nest incubation by
males has been reported before (Stoddard 1 93 1 ,
Klimstra and Roseberry 1 87 ,5) but i t was unclear
if these males were associated with fem ales. All
of the males we observed perform ed nesting and
brood rearing duties alone and were seldom as
sociated with a female. In l instance a male as
sumed incubation of a nest aft er the female that
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Fig. 1. Dates of initiation of incubation for radio-tagged
bobwhite in south -central Iowa, 1984-88.

25
20
15

...._
C)

a:

10

CJ MALES (16%)
- F EMALES, SECOND BROOD (11'%)
� F EMALES, REN EST (4%)

ITillJ

FEMALES (69%)

5
0

7
21
JUN

7
21
JUL

7
21
AUG

7
21
SEPT

Fig. 2. Dates of hatch for clutches by radio-tagged
bobwhite in south-central Iowa, 1984-88.

was incubating the nest was killed away from the
nest site. In most instances it appeared the female
that laid the eggs was apparently free to continue
breeding activities.
The proportion of males that initiated incuba
tion was fairly consistent from year to year, while
the proportion of females varied considerably.
The proportion of birds that hatched clutches
varied widely from year to year for both males and
fem ales, although this m ay be an artifact of the
small numbers of nests in any year. Only 39% of
fem ales alive on 1 April were ultimately success
ful in producing a nest.This is considerably below
the 7 5% minim um suggested by others (Stoddard
1 83 1 , Kabat and Thompson 1963, Klimstra and
Roseberry 1 975).These previous studies could not
account for multiple nests and nests hatched by
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males when making their estimates. But even if
we divide the number of nests hatched for all birds
by the number of females entering the nesting
season, only about 55% produce nests. Nesting
effort did not appear lacking, as almost 90% of
females still alive on 1 September had at least
initiated incubation on 1 nest and 70% had
hatched 1 or more nests. Almost 20% of males still
alive had also hatched a nest, with 30% having
initiated incubation.
Nest success recorded for both males and
females was higher than most studies reported
(Stoddard 193 1 , Dimmick 197 4, Klimstra and
Roseberry 1975). This may be because nest suc
cess in those studies was calculated for all nests,
whereas we only used nests that reached incuba
tion. If nests have a different rate of loss during
the egg-laying and the incubation stage as sug
gested by Klimstra and Roseberry ( 1975), then
our higher success rates might be expected. The
timing of nest establishment had little effect on
nest success. Nests established late in the nesting
season hatched only slightly less frequently than
those established at any other time. Other studies
have reported a difference in success rates be
tween nests established during these different
periods (Simpson 1972, Klimstra and Roseberry
1975), although the period with the higher suc
cess rates differed.
Nesting chronology of o u r b irds closely
resembles that reported by Stanford (1972b) in
Missouri. Both initiation of incubation and hatch
ing dates were distinctly bimodal, with peaks
about 8 weeks apart. First nests by females made
up the majority of clutches hatched before 1 July.
Clutches hatched after that date were fairly
equally divided among first nests by females,
second nests by females, and nests by males.
Renests by females made up a surprisingly small
part of the nesting effort, although this again may
reflect our definition of what constitutes a nest
attempt. If, as sugg ested by Klimstra and
Roseberry ( 1975), all nests established after 2
June were renests, then nests where incubation
was initiated after 1 5 June would count as
renests. Using this definition, about 18% of all
nests hatched by females were renests, 13% were
second nests after successful first nests, and 68%
were first nests.
We found that a significant number of females
did produce second nests after hatching first
nests. These females typically raised broods to
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approximately 3 weeks of age, left, and became
paired with males. The dates of hatch for first
nests and timing of brood abandonment are near
ly identical to what Sermons and Speake (1987)
described. Fortunately we were able to determine
the fate of 3 broods abandoned by these females.
These broods appeared to do as well as broods
accompanied by adult birds. The frequency with
which this was observed was surprising but has
been suggested by Stanford (1972a). It appears
that double broods are an important aspect of
bobwhite productivity. The fact that we did not
observe this during the last 2 years of the study
may be coincidental because only 2 females in
1987 and 5 in 1988 hatched nests prior to 5 July.
If we were to view these second nests as if they
were random events, then there is about a 10%
probability that we would not observe this simply
by random chance. Since bobwhite numbers on
the study areas were higher during the last 2
years than during the first 3 years, this behavior
could be related to population densities.

MANAGEMENT IMPLICATIONS

Bobwhite populations appear to recover very
quickly from catastrophic weather events such as
prolonged cold and heavy snows (Suchy et al.
1991). These events drastically reduce bobwhite
numbers in states like Iowa which are on the
fringe of their range. We have described several
mechanisms that might contribute significantly
to these recoveries and we have more clearly
defined what roles male and female bobwhite play
in recruitment into these populations. Manage
ment efforts directed to take advantage of this
tremendous reproductive potential may provide
real dividends. Efforts to provide undisturbed,
quality nesting cover throughout the nesting
season might improve the success of these various
reproductive strategies.
We believe we raise some interesting ques
tions. Does the breeding behav ior observed
occur in other areas or are these behaviors the
result of natural selection in areas where large
voids intermittently occur in the population?
How variable are these behaviors from year to
year? Are they affected by population density?
Whatever the answers, this increased under
standing of the breeding behavior of northern
bobwhite will allow wildlife professionals to bet
ter understand the impacts of management ac
tivities on bobwhite.
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SURVIVAL OF NORTHERN BOBWHITE ON HUNTED AND NONHUNTED
STUDY AREAS IN THE NORTH CAROLINA SANDHILLS
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Abstract: Radio-tagged northern bobwhite (Colinus virginianus) were monitored in the Sandhills region of North
Carolina to investigate the influences of hunting on seasonal survival. We used the Kaplan-Meier product limit
method with staggered entry design to calculate survival estimates and distributions for 79 radio-tagged bobwhite
representing 33 coveys during November-February 1987-89. Estimated winter survival rates for year 1 (59%) and
for pooled years (67%) in the nonhunted study areas were greater than in the hunted areas (31 and 45%,
respectively; P < 0.05). Survival trends for the second winter were again greater in the nonhunted study areas
(74%) but not different than hunted study areas (63%; P > 0.05). Avian predation was the major proximate cause
of mortality, accounting for 66% of the known losses. Summer whistle count surveys indicated that nonhunted
study areas contained more (P < 0.05) whistling bobwhite per station than hunted areas following winter hunting
seasons.
Key words: Colinu.s virginin.nu.s, hunting, North Carolina, northern bobwhite, Sandhills region, survival, whistle
counts.
Citation: Robinette, C. F. and P. D. Doerr. 1993. Survival of northern bobwhite on hunted and nonhunted study
areas in the North Carolina sandhills. Pages 74-78 in K. E. Church and T. V. Dailey, eds. Quail III: national quail
symposium. Kansas Dep. Wildl. and Parks, Pratt.

Despite the popularity of northern bobwhite as
a game bird, the influence of sport hunting on
their numbers is poorly documented (Roseberry
1979, Brennan 199 1). It has been assumed that
annual harvest would substitute for natural
population reductions, based primarily on the
works of Errington (1934, 1967).Several studies
concluded that hunting appeared to have little
effect on standing densities of quail (1fosby and
Overton 1 950, Gallizioli and Swank 1 958, Glad
ing and Saarni 1958, Vance and Ellis 1 972).
Others have voiced concern for the possible effects
of hunting on small game populations (Wagner
1969, Nixon et al. 197 4, Destefano and Rusch
1982, Bergerud 1 985). Stoddard (193 1 :226) sug
gested bobwhite hunting losses could become ad
ditive to other forms of mortality.Recent evidence
suggests that bobwhite harvest and other natural
losses may not be completely compensatory (Cur
tis et al. 1988, Pollock et al. 1989a). The later in
the winter that harvest losses occur, the more
likely they will add to natural mortality (Roseber
ry and Klimstra 1 984: 140-150).
The northern bobwhite pop ulation at Fort
Bragg , North Carolina , has declined steadily
1 Present address: Florida Game and Fresh Water
Fish Commission, 3911 Highway 2321, Panama City,
FL 32409-1658.

during the past decade. Reported bobwhite har
vests on the military reserva tion dropped from
about 9,000 birds annually in the mid- 1970's to
600 in 1 984 (W.M. Hunnicutt, Ft. Bragg Wildlife
Branch , unpubl. data). In 1983, a cooperative
agreem ent was established b etw een North
Carolina State University and the Department of
Defense to investigate the causes of the popula
tion reduction and attempt to improve bobwhite
ma nag em ent on the reserva tion. Valuable
baseline data were the result of initial phases of
the research (Curtis 1990).However, more infor
mation was needed upon which to base manage
ment decisions. The objectives of our work were
( 1) to investigate the possible influence of hunting
and predation mortality on survival of bobwhite
and (2) to exam ine bobwhite population trends in
hunted and nonhunted study areas. If minimal
influences were to occur, then we hypothesized
that bobwhite survival and population trends on
control (hunted) and trea tment (nonhunted)
areas should be similar.
We gratefully acknowledge support and fund
ing provided by the U.S.Department of Defense
Fort Bragg, the North Carolina State Agricul
tural Research Services, the National Rifle As
socia tion, and the North Carolina W ildlife
Resources Commission.We are indebted to W. M.
Hunnicutt and the staff of the Fort Bragg Wildlife
Branch for assistance throughout this work. Our
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sincere appreciation goes to field assistants, sum
mer interns, honor students, and volunteers for
data collection and analyses.

STUDY AREA

We studied the northern training portion of
Fort Bragg Military R eservation in Cumberland
and Hoke counties, North Carolina. The 55,000
h a b a s e i s locat e d in th e Sandhills
physiographic region. Climate was hot and
generally humid in summer with a moderately
cold, but short winter. Mean annual daily
temperature was 16.2 C. Average daily winter
temperature was 6.3 C. As r eported by Hudson
(1984), 60% of th e average annual precipitation
(115.7 cm) falls between April and September.
Mean yearly snowfall total of about 8 cm occurs
from December to February.
Predominant overstory species on upland sites
were longleaf pine (Pinus palustris) and turkey
oak (Quercus laevis) , with a ground cover of
primarily wiregrass (Aristida stru:m) . Dense
evergreen shrubs (e.g., Lyonia and !lex spp.) char
acterized the mesic habitat. The natural plant
communities of the Sandhills region have been
described by Wells and Shunk (1931).
The research area was divided into study blocks
I and II. Each block contained 2 quail study areas
(QSAs) with buffer areas to attenuate impacts of
movements between treatment areas. QSAs (ap
proximately 278 ha each) were selected on the
assumption that there would be minimal move
ments between areas. During bobwhite hunting
seasons in 1987 and 1988 (November 19-20 to
February 28-29), Block I was open to hunting.
Hunter trips into this area were controlled by Fort
Bragg Hunting and Fishing Center. Block II was
used for comparison and was posted and closed to
bobwhite hunting.

METHODS

We trapped northern bobwhite during Septem
ber and October each year with baited funnel
traps (Stoddard 1931:443). We placed aluminum
leg bands (size 7) on birds and classified them as
adults or juveniles according to plumage charac
t eristics and molting stages (Haugen 1957,
Rosene 1969). Wing molt and primary feather
length were used to estimate date of hatch of
juvenile birds (Rosene 1969:44-54). Plumage pat
tern and coloration were used in sex determina
tion (Stoddard 1931 :81).
Birds were fitted with an activity-sensitive
chest mounted radio transmitter (7-8 g) (Shields
et al. 1982).Efforts were made to distribute radio
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transmitters on 2-3 birds per covey. Often, cap
tured birds were too immature to carry the trans
mitter. Occasionally, a single bird was captured
with unsuccessful captures of covey mates.
Coveys were monitored once every 1-2 days
during the hunting season. Bobwhite that died
within 7 days of instrumentation were excluded
from survival analyses.
Seasonal and annual bobwhite survival rates
were estimated by the Kaplan-Meier or product
limit estimator (Kaplan and Meier 1958) with
staggered entry design (Pollock et al.1989b).Sur
vival rates, confidence intervals, and survival dis
tributions were estimated and compared between
nonhunted and hunted QSAs by use of normal
approximation Z-tests and log-rank tests. Our
test is not a direct experimental test of hunted
versus nonhunted survival rates, but rather a test
of whether bobwhite survival for the 2 hunted
areas is different from bobwhite survival for the
2 nonhunted areas.
Characteristic field evidence and postmortem
conditions were used to assess the proximate
cause of death (after Einarsen 1956). A combina
tion of the evidence was used to classify apparent
agent-specific causes of death as follows : (1) small
avian predators, (2) large avian predators, (3)
mammalian predators, (4) hunting, and (5) other
or unknown.
Whistle count surveys were conducted during
June 1987-89.A route with 4 listening stations (8
stations per treatment) 1/2 mile apart, was incor
porated into each QSA Surveys began at sunrise
on mornings having <50% cloud cover, <19
km/hour winds, and no rainfall. Bobwhite
whistles and number of individual birds whistling
were recorded at each station for 2 consecutive
5-minute periods.Occasionally disturbance levels
due to military activity were high during 1 period,
but acceptable during the other period.When this
disturbance occurred, the period with the high
count was used as the day total for that station.
Call-count routes were repeated 5 times each
June.Student's t-test (P < 0.05) was used to detect
differences in mean number of whistling bobwhite
and mean number of calls heard between non
hunted and hunted QSAs for the 3 years.

RESULTS

Forty-three radio-tagged bobwhite, r epre
senting 16 coveys, were at risk during the 1987-88
winter season. Thirty-six bobwhite (17 coveys)
were radio-tagged during the 1988-89 winter
season.Log-rank tests indicated no differences (P
> 0.05) in survival functions within hunted and
88
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Table 1 . Kaplan-Meier survival estimates of radio-tagged northern bobwhite in the Quail Study Areas (QSAs) at
Fort Bragg, NC, winters 1987-89.
n8
QSAs
Survival
SE
95% CI6
Year
1987-88
1988-89
1987-89

Hunted
Non hunted
Hunted
Non hunted
Hunted
Non hunted

17
26
15
21
32
47

0.308
0.593c
0.629
0.737
0.453
0.670c

0. 104
0.098
0 . 1 35
0.097
0.089
0.070

0 . 1 04-0.512
0.401-0 .785
0.364-0.894
0.547-0.927
0.278-0.627
0 .533-0.807

Number of bobwhite at risk at least 1 full week during the winter season.
her= Confidence interval.
c
Survival significantly greater (P < 0.05) than the hunted QSAs.
0

nonhunted QSAs between years, so data were
pooled to reduce variation.
During the 1987-88 winter season, estimated
survival of bobwhite was greater (P = 0.023) in
nonhuntecl QSAs (0. 593 ± 0.098) (mean ± SE)
than in hunted QSAs (0.:3 077 ± 0. 10'1) (fable 1).
During 1988-89, bobwhite survival in nonhuntecl
QSAs was again h igher (0.737 ± 0.097) than in
hunted QSAs (0. 629 ± 0. 13 ,5) , but not significantly
(P = 0.258) (fable 1 ) . For the 2 years combined,
winter survival was greater (P = 0. 028) in non
hunted QSAs (0.670 ± 0.070) than hunted QSAs
(0. 453 ± 0.089).
Surv ival schedules for the QSAs were not
uniform throughout the hu nting season, but ap
peared to show a sha rp decline in midwinter in
nonhuntecl QSAs. For hunt.eel QSAs, su rviv,t l
began to decline with onset of the hunting season
(Fig. 1). A difference was detected (P < 0.05) in
survival distributions between nonhu nted and

hunted QSAs for pooled years. Monthly estimates
of survival indicated that the probability of dying
(1-survival estimate) was highest in December for
hunted QSAs and in January for nonhunted
QSAs. The greatest number of bird deaths (14) for
all QSAs 1987-89 occurred in January. Predation
was the major direct cause of bobwhite mortality
du ring winter, with avian predators accounting
for 66% of known mortalities. In hunted QSAs ,
direct hunter-bagged birds amounted to 14% of
bobwhite mortality.
We did not detect a difference in the number of
whistling bobwhite heard (P = 0. 320) between
designated hunted and nonhunted QSAs in 1987 ,
prior to manipulating hunting seasons. Following
establishment of the nonhunted QSAs , whistle
count surveys indicated more calling individuals
per station for nonhunted than for hunted QSAs
in 1988 (P = 0.022) and 1989 (P = 0.0 1 5) (Fig. 2).
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Fig. 1. Northern bobwhite winter survival sch(,cluk, for
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Fort Bragg, NC, 1987-89.
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Fig. 2. Frequency distribution of mean number of whis
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DISCUSSION

Northern bobwhite naturally exhibit low an
nual survival. Roseberry and Klimstra (1972,
1984:37-55) and Lehmann (1984:303) suggested
that adverse effects could result, depending on
when during the winter season losses might
occur. Kabat and Thompson (1963) estimated
that winter losses for bobwhite were greatest in
early winter (mid-November-December) on their
Wisconsin study areas. Curtis et al. (1988) ob
served high natural mortality during January
March in unhunted bobwhite in Florida and
hunted birds at Fort Bragg. The lower survival
estimates and population trends of bobwhite in
our hunted QSAs compared to nonhunted QSAs
seemed to suggest hunted birds have higher risks
for survival to the breeding season than unhunted
bobwhite.
Similar to other workers in the southeastern
U.S . (Sermons 1987, Curtis et al. 1988), we ob
served high depredation on bobwhite. Common
predation theory (Errington 1934, 1967) may at
times inadequately explain predator-bobwhite
relationships in the Southeast (Errington and
Stoddard 1938, Curtis et al. 1 988, Brennan 1991).
Thought should be given to the survival of birds
based on disturbance leading to indirect mortality
from harvesting activities. Field observations in
the QSAs found that coveys disturbed by hunters
are vociferous in attempting to reassemble, pos
sibly increasing vulnerability to natural preda
tion.This interpretation remains to be thoroughly
tested.
One primary approach used to argue that com
pensatory natural mortality occurs is that hunted
populations are commonly the same as unhunted
populations when spring counts are taken
(Bergerud 1988). Our whistling count surveys
provided some evidence of the response of north
ern bobwhite populations to hunting. We should
not consider ourselves obliged to harvest the
surplus , as unharvested surplus birds are not
wasted.There is a carryover effect from year to
year (Roseberry 1979, 1982) and managers should
ensure that these carryover populations are not
consis tently lower than natural carrying
capacity. Low bobwhite populations cannot be
expected to recover if hunting activities impede
reproductive potential by reducing breeding den
sities.
Currently, the evidence for compensatory mor
tality is conflicting (Wagner 1969). However,
there is mounting evidence that hunting , par-
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ticularly late season hunting , and natural mor
tality are additive. Pollock et al. (1989a) argued
that it was hard to devise a compensatory
mechanism because hunting season coincided
with a time of high natural bobwhite mortality.
As bobwhite managers charged with the main
tenance of a wildlife resource, we should take a
more tenable and scientific approach to managing
this harvestable crop.

MANAGEMENT IMPLICATIONS

Our work at Fort Bragg suggested that hunting
may be a potential factor depressing bobwhite
populations , particularly low populations. We
should emphasize that this is what occurred on an
area with excellent road access and constant
hunter effort throughout the season.While recog
nizing that factors other than hunting contribute
to wildlife population declines, hunting is often
the most readily controlled cause of mortality
(direct and indirect). An underlying theme in
what bobwhite do results from the need to remain
inconspicuous to avoid predators. If, at existing
low densities, predation mortality is excessive
and hunting indirectly influences this mortality,
then managers should include practices that im
prove upon these influences. There is a need to
determine acceptable limits of harvest pressure
while maintaining optimum numbers of breeding
bobwhite. Attention should be given to ex
perim ental testing of bobwhite population
responses to varying exploitation and disturbance
levels.

LITERATURE CITED

Bergerud, A T. 1985. The additive effect of hunt
ing mortality on the natural mortality rates of
grouse.Pages 345-366 in S.L.Beasom and S.F.
Roberson, eds. , Game harvest management.
Caesar Kleberg Wildl. Res. Inst., Kingsville,
TX.
___. 1988. Population ecology of North
American grouse. Pages 578-685 in A. T.
Bergerud and W. Gratson , eds., Adaptive
strategies and population ecology of northern
grouse. Univ.Minn. Press, Minneapolis.809pp.
Brennan, L . A 1991. How can we reverse the
northern bobwhite population decline? Wildl.
Soc. Bull.19:544-555.
Curtis, P.D.1990.Northern bobwhite quail ecol
ogy in the North Carolina sandhills . PhD
Thesis, N.C.State Univ., Raleigh. 109pp.

90

Church and Dailey: Full Issue
78

__, B . S. Mueller, P. D. Doerr and C. F.
Rob inette. 1 98 8 . Seasonal s urv ival of
radiomarked northern bobwhite quail from
hunted and non-hunted populations. Pages
263-275 in C. J. Amlaner Jr. , ed. , Proc. 10th
Intl. Symp. Biotelemetry, Univ. Ark. ,Fayet
teville.
Destefano, S. and D. H. Rusch. 1982. Some his
torical aspects of ruffed grouse harvests and
hunting regulations in Wisconsin. Trans. Wis.
Acad. Sci. , Arts and Letters 70:27-35.
Einarsen, A. S. 1956. Determination of some
predator species by field signs. Oreg. State Coll.
Monogr. , Stud. Zool. 10. 34pp.
Errington, P. L. 1934. Vulnerability of bobwhite
populations to predation. Ecology 15: 1 10- 127.
__. 1967. Of predation and life. Ia. State Univ.
Press, Ames. 277pp.
__ and H. L. Stoddard. 1938. Modifications in
predation theory suggested by ecolog ical
studies ofthe bobwhite quail. Trans. North Am.
Wildl. Nat. Resour. Conf. 3:736-740.
Gallizioli, S. and W. Swank. 1958. The effects of
hunting on Gambel quail populations. Trans.
North Am. Wildl. Nat. Resour. Conf. 23:3053 19.
Glading, B. and R. W. Saarni. 1958. Effect of
hunting on a Valley quail population. Calif. Fish
Game 30:7 1-79.
Haugen , A. 0. 1957. Distinguishing j uvenile from
adult bobwhite quail. J. Wildl. Manage. 2 1 :2932.
Hudson, B. 0. 1984. Soil survey of Cumberland
and Hoke counties, North Carolina. Soil Con
serv . Serv . U . S . G o v t . Prin ting Off. ,
Washington, DC. 155pp.
Kabat, C. and D. R. Thompson. 1963. Wisconsin
quail, 1834- 1962: population dynamics and
habitat management. Wis. Conserv. Dep. Tech.
Bull. 30. 139pp.
Kaplan, E. L. and P. Meier. 1958. Nonparametric
estimation from incomplete observations. J.
Am. Stat. Assoc. 53:457-48 1 .
Lehmann, V . W. 1984. Bobwhites i n the Rio
Grande Plain of Texas. Tex. A&M Press, College
Station. 37 1pp.
Mosby, H. S. and W. S. Overton. 1950. Fluctua
tions in the quail population on the Virginia
Polytechnic I nstitute Farms. Trans. N. Am.
Wildl. Nat. Resour. Conf. 15:347-353.
Nixon, C. M., R. W. Donohoe and T. Nash. 1974.
Overharvest of fox squirrels from two woodlots
in western Ohio. J. Wildl. Manage. 38:67-80.

Quail III
Pollock, K. H., C. T. Moore, W. R. Davidson , F. E .
Kellogg and G. L . Doster. 1989a. Survival rates
of bobwhite quail based on band recovery
analyses. J. Wildl. Manage. 53: 1 -6.
__, S. R. Winterstein, C. M. , Bunck and P. D.
Curtis. 1989b. Survival analysis in telemetry
studies: the staggered entry design. J. Wildl.
Manage. 53:7 - 15.
Roseberry, J. L. 1 979. Bobwhite population
responses to exploitation: real and simulated. J.
Wildl. Manage. 43:285-305.
__. 1 982. Sustained harvest of bobwhite
populations. Pages 5 1-56. in F. Schitoskey Jr. ,
E. C. Schitoskey and L. G. Talent, eds., Proc.
Second Natl. Bobwhite Quail Symp . , Okla.
State Univ., Stillwater.
__ and W. D. Klimstra. 1972. Some aspects of
the dynamics of a hunted bobwhite population.
Pages 268-282 in J. A. Morrison and J. C. Lewis,
eds. , Proc. First Natl. Bobwhite Quail Symp.,
Okla. State Univ . , Stillwater.
__ and __. 1984. Population ecology of the
bobwhite. Southern Ill. Univ. Press, Carbon
dale. 306pp.
Rosene, W. 1969. The bobwhite quail: its life and
management . Rutgers Univ. Press, New
Brunswick, NJ. 418pp.
Sermons, W. 0. 1987. Reproductive ecology of the
bobwh ite quail in southern Alabama. MS
Thesis, Auburn Univ . , Auburn, AL. 54pp.
Shields, L. J. , R. Darling and B. S. Mueller. 1982.
A radio transmitter for quail. Page 93 in F.
Schitoskey Jr. , E .C. Schitoskey and L . G.
Talent, eds. , Proc. Second Natl. Bobwhite Quail
Sym p. , Okla. State Univ., Stillwater.
Stoddard, H. L. 193 1. The bobwhite quail, its
habits, preservation and increase. Charles
Scribner's and Sons Puhl. , New York. 559pp.
Vance, D. R. and J. A. Ellis. 1972. Bobwhite
populations and hunting on Illinois public hunt
ing areas. Pages 165 - 1 7 4 in J. A. Morrison and
J. C. Lewis, eds., Proc. First Natl. Bobwhite
Quail Symp., Okla. State Univ . , Stillwater.
Wagner, F. H. 1969. Ecosystem concepts in Fish
and Game Management. Pages 687 -699 in J. A.
Bailey, W. Elder and T. D. McKinney, eds. ,
Readings in wildlife conservation. Wildl. Soc. ,
Washington, DC. 722pp.
Wells, B. W. and I. V. Shunk. 193 1. The vegetation
and habitat factors of the coarser sands of the
North Carolina coastal plain : an ecological
study. Ecol. Monogr. 1:465-520.

91

National Quail Symposium Proceedings, Vol. 3 [1993], Art. 33

SURVIVAL OF NORTHERN BOBWHITE INFECTED WITH AVIAN POX
BRAD S. MUELLER, 1 Tal l Ti m bers Research Station , Route 1 , Box 678, Tal lahassee, FL 3 2 3 1 2
WI LLIAM R. DAVI DSON, Southeastern Cooperative Wi ldlife Disease Study, College of Vete ri nary
Med ici ne and Sc hool of Forest Resources, Th e Un ivers ity of Georgia, Athens, GA 3 0602
JAMES B. ATKI NSON J r . , 2 Tal l Ti m bers Research Station, Route 1 , Box 678, Tal lahassee , FL 3 2 3 1 2
Abstract: Avian pox is an enzootic disease among northern bobwhite (Colinus virginianus) in the southeastern
United States, but occasionally it occurs as local or regional epizootics. Little information exists concerning survival
of wild bobwhite infected with this disease. During the winters of 1985 and 1986, we compared survival of
radio-tagged bobwhite with and without pox lesions. Pox lesions were considered "wet" or "dry" depending on field
evaluations. The incidence of pox was greater in 1985 (x1- = 16.536, df = 1, P < 0.005) than in 1986. Bobwhite with
wet pox lesions weighed less than those with dry pox (t = 2.550, P = 0.014) or no pox (t = 2.393, P = 0.018). In 1985
6-week survivorship of bobwhite showing signs of wet pox was different compared to those with dry pox (Z = 1. 7 498,
P = 0.0402) and no pox (Z = 2.9992, P = 0.0014) . Survivorship of birds with dry pox and no pox was not different
(Z = 0.6460, P = 0.2611. Bobwhite with wet pox in 1985 had 45.6 and 53.3% overall lower 6-week survival rates
than birds with dry and no pox, respectively. No difference in survivorship existed between bobwhite with dry pox
and those with no pox in 1986 (Z = 1.1727, P= 0.1210). No difference in predatory agents responsible for mortalities
between birds with or without pox occurred (X2 = 0.8851, df = 2, P > 0.05). All mortality of infected birds appeared
to be caused by predation and not the disease itself. Implications of these data for inter- and intraspecific disease
transmission are discussed.
Key words: avian pox, Colinus virginw.nus, mortality, northern bobwhite, radio-tagging.
Citation: Mueller, B. S., W. R. Davidson and ,J . B. Atkinson Jr. 1993. Survival of northern bobwhite infected with
avian pox. Pages 79-82 in K. E. Church and T. V. Dailey, eds. Quail III: national quail symposium. Kansas Dep.
Wildl. and Parks, Pratt.

Northern bobwhite are susceptible to numerous
diseases and are hosts to a variety of parasites
(Kellog and Doster 1972). Avian pox vims is
prevalent worldwide, and a diverse array of birds
are susceptible to this disease (Karstad 197 1 ,
Cunningham 1978). Several strains of avian pox
virnses exist, many of which are host-specific to
certain species of birds, while others may infect a
variety of species (Davidson et al. 1982).
Avian pox is characterized by discrete prolifera
t ive lesions on the skin and/or m ucous
membranes of the mouth and upper respiratory
tract (Karstad 197 1), and can occur in 2 forms.
Dry pox (or the cutaneous form) is characterized
by lesions that develop primarily on unfeathered
skin, such as the legs and feet. Wet pox involves
lesions on the mucous membranes of the mouth,
nasal passages, and upper respiratory tract
(Davidson et al. 1982). In some cases both dry and
wet pox may occur on the same bird.

1 Present address : American Wildlife Enterprises,
493 Beaver Lake Road, Tallahassee, FL 32312.
2
Present address: Joseph W. Jones Ecological Re
search Center, Route 2 Box 2324, Newton, GA 31770.

Avian pox is spread by direct mechanical trans
mission of the virus (i.e. , pecking at lesions ; Cun
ningham 1978). In addition, the disease can be
caused by inhalation of viral particles in dust or
by blood-feeding insects, particularly mosquitoes
(Davidson et al. 1982).
Reports of avian pox in wild bobwhite are infre
quent (Stoddard 193 1, Davidson et al. 1982, Han
sen 1987). However, this disease is known to exist
in pen-raised bobwhite, with occasional severe
outbreaks (Shillinger and Morley 1937, Poonacha
and Wilson 1 98 1) . Avian pox is endemic in
southeastern bobwhite populations and normally
occurs at low levels (Davidson et al. 1982); how
ever, local or regional epizootics may occur.
Davidson et al. (1980) described an outbreak of
pox in southwestern Georgia and northcentral
Florida that resulted in an estimated 12-fold in
crease in the incidence of infection among wild
bobwhite and a mortality rate between 0.6 and
1 . 2%.
Survival rates of wild free-ranging bobwhite
infected with a disease are difficult to determine
due to the rapid removal of dead b irds b y
predators and scavengers and to the species' cryp
tic coloration and secretive nature (Rosene and
Lay 1963). To more accurately assess the effect of
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avian pox on bobwhite, we compared survival of
wild radio-tagged birds with and without pox
lesions. Implications of these data for inter- and
intraspecific disease transmission are discussed.
Additionally, effects of an increased use of pen
raised bobwhite and their potential to spread this
disease are addressed.

STUDY AREA
We studied 2 sites on Dekle Plantation in Grady
County , Georgi a . Site A encomp a ssed ap
proximately 190 ha forested primarily with ma
ture longleaf (Pinus palustris), with loblolly (P.
taeda), and shortleaf pine (P. echinata) inter
spersed in old-field areas. Dominant understory
plants were bracken fem (Pwridum aquilinum)
and wiregrass (Aristida stri,cta). Agricultural
fields (primarily corn), ranging from 0. 5 to 7.0 ha,
occupied about 15% of this site. Area B contained
about 1 00 ha and had an overstory of naturally
regenerated loblolly and shortleaf pine and a
gras s - forb unders tory c h a racteristic of
southeastern old-field communities. Small (0. 53.0 ha) corn fields comprised 30% of the area.

METHODS
Bobwhite were captured with baited funnel
traps (Stoddard 1 93 1) and with nets at roost sites.
Trapping periods were 3- 16 Janua ry 1985 and 28
December 1985-5 January 1986. Individuals from
25 different coveys were trapped, and radio-trans
mitters were distributed based on the number of
captured bobwhite in a given covey. Number of
radio-tagged individuals within a given covey
ranged from 2 to 1 1 , (X = 6). Birds were aged
(Rosene 1 969), banded, sexed, weighed, radio
tagged (Shields et al. 1982) , and checked for
lesions of pox.
We monitored 73 radio-tagged bobwhite in 1985
and 76 in 1986. The 6-week monitoring periods
were 1 7 Ja nuary - 2 7 February 1 985 a n d 6
January - 16 February 1 986. Bobwhite were
monitored daily and attempts were made to con
firm mortality within 24 hours.
We determined depredation from field signs,
postpredation condition of the transmitter, direct
observations, and remains in hawk nests. The
predatory agents were categorized as mammal,
avian, or unknown.
Survival was estimated with the staggered
entry design (Pollock et al. 1989). A Z-test was
used for comparing survival curves (Pollock et al.
1989). A 6-week survival time frame was used
because it approximates the average length of a

pox occurrence (Karstad 1 97 1 , Cunningham
1978). Because of our short trapping periods, the
survival time frame began immediately after the
first capture and ended 6 weeks after the last bird
was trapped.
Laboratory confirmation of pox could not be
made on location and utilize the radio-tagged bird
in the field; therefore, field determination of pox
was accomplished by visual inspection using 2
trained observers. Additionally, 5 cases of pox
within the total capture sample were confirmed
by laboratory a n alysis con s istin g of h is
topathologic examination conducted by the
Southeastern Cooperative Wildlife Disease
Study.

RESULTS
One hundred and forty-nine wild northern
bobwhite were captured, examined for pox infec
tion , radio-tagged, and monitored during the
winters of 1985 and 1986. Of this total, 103
(69. 1%) had no evidence of avian pox infection ,
whereas 46 (30.9%) had pox-like lesions. Of the 46
suspected cases of pox, 27 (58. 7%) were repre
sented by lesions on·the legs or around the nares
("dry pox"), and 19 (4 1 . 3%) had lesions on the
eyelids, in the mouth, or inside the nasal cavity
("wet pox'').

Survivors h ip
A difference existed in the prevalence of pox
between 1985 and 1986 (X2 = 8.815, df = 1 , P =
0. 003) and in the survivorship of birds showing
pox-like lesions (§1985 = 0.45 14, 95% confidence
interval [CI] = 0.2822-0.6206; §1986 = 0.8264, 95%
CI = 0.60 1 5- 1.05 14; Z = 2. 1845, P = 0.0146).
Therefore, survivorship data were analyzed by
year. No differences in survivorshi� (Z = 0.46 10,
P = 0. 3228) or prevalence of pox (X = 0.905, df =
1 , P = 0. 342) were noted between sites A (§ =
0. 7968, 95% CI = 0. 7 166-0. 8770) , and B (§ =
0. 7642, 95% CI = 0.65 19-0.8764) ; therefore study
sites were combined for analysis of data.
1985. -0f the 73 bobwhite monitored, 39 were
free of pox lesions, and 34 had lesions. Of the 34
birds, 18 had lesions typical of wet pox and 16
showed signs of dry P.OX. Bobwhite with wet pox
had a lower survival (§ = 0. 3277, 95% CI = 0. 1287 0.5268) than birds with dry pox, (§ = 0.6027, 95%
CI = 0. 3394-0.8695 ; Z = 1 . 7498, P = 0.0402) or
those with no pox, (t = 0.70 1 1 , 95% CI = 0.559 10.8437; Z = 2.9992, P = 0.00 14). No difference
existed between bobwhite with dry pox and those
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with no pox (Z = 0.6460, P = 0. 26 1 1). Bobwhite
with wet pox had a 45. 6 and 53.3% overall lower
6-week survival rate than dry and no-pox birds,
respectively.
1986.-0f 76 bobwhite monitored, 64 were free
of pox. Of the infected birds, 1 had lesions typical
of wet pox and 1 1 showed signs of dry pox. The 1
bird with wet pox died 2 weeks after capture; with
only 1 wet-pox bird in 1 986, no significance can be
placed on this survivorship. No difference existed
between survivorship of bobwhite with dry pox
(§ = 0.909 1 , 95% CI = 0.7300- 1 . 0882) and those
without pox (§ = 0.7828, 95% CI = 0.6698-0.8959;
Z = 1 . 1 727, P = 0. 1 2 1 0).

Weig hts
Body weight of bobwhite did not differ between
study sites (t = 1 . 667, SE = 2. 1 62, P = 0.097) or
between years (t = 0.689, SE = 2. 1 5 1 , P = 0. 492).
Therefore, study sites and years were combined
for analysis of weight data.
Bobwhite with wet pox weighed less (X = 1 5 1 . 3
g , SE = 8.872) than birds with dry pox (X = 1 62. 5
g, SE = 16.663; t = 2.550, SE = 4. 399, P = 0.0 14)
or no pox (t = 2.393, SE = 3.057, P = 0.0 18). There
w as no difference in body weight between birds
w ith dry pox and those with no pox (X = 158.6 g,
SE = 12.069; t = 1 .38 1 , SE = 2.830, P = 0. 1 70).

Predation
Of the 59 mortalities that occurred over the 2
years, we were able to determine the predatory
agent responsible for 40 deaths. Twenty-nine
were caused by avian predators and 1 1 by mam
m als. The remaining 1 9 deaths could not be as
signed to a specific group with confidence; there
fore, the deaths were listed as caused by an un
known predator. No difference existed among the
p redatory agent responsible for a given kill and
the disease condition of the bird (dry, wet, or no
pox) (X2 = 0.885 1 , df = 2, P > 0.05).

DISCUSSION
While region- wide outbreaks of avian pox are
known to occur (Davidson et al. 1980), most
epizootics of this disease are probably localized
(Davidson et al. 1982). A variety of factors can
contribute to the large variations in year-to-year
incidence of avian pox (Karstad 197 1 , Davidson et
al. 1 980) . The incidence of pox we observed
(30. 9%) falls within the range of prevalence for
occurrence in localized areas (Davidson et al.
1 980).

Low mortality of bobwhite infected with dry pox
in our study agrees with observations of other
researchers (Davidson et al. 1982, L. J. Landers,
L. P. Simoneaux and C. D. Sisson, pers. commun. ,
Tall Timbers, Inc. and Southeastern Cooperative
Wildlife Disease Study, Tallahassee, FL.). Wet
pox, however, is a virulent disease that appeared
to greatly increase the probability of mortality,
albeit through increased vulnerability to preda
tion. Domesticated birds infected with wet pox
usually die of starvation or suffocation due to the
proliferative nature of this virus in the moist
portions of the esophagus or respiratory tract
(Cunningham 1978). However, our data suggest
the major cause of death for wild bobwhite in
fected with wet pox is an increased susceptibility
to predation caused by an overall weakened con
dition.
We attribute differences in body weights be
tween wet-pox and dry- or no-pox birds to reduced
food intake. This is reported to be caused by
impairment of vision, respiration, or swallowing
(esophageal occlusion; Cunningham 1978). In
domestic fowl infected with avian pox, weight loss
is principally an economic consideration (Cunnin
gham 1978) ; however, among wild bobwhite this
apparent loss of fitness has lethal consequences.
Wet-pox birds suffered higher predation, and
consequently lower survival. The ratio of avian to
mammalian kills in our project appears to be
similar to previous studies (Curtis et al. 1989),
suggesting that wet pox infection increased vul
nerability to both avian a n d m a mm a lia n
predators approximately equally.

MANAGEMENT IMPLICATIONS
Avian pox is an endemic disease, with an his
torically low prevalence in the southeastern U.S.
(Stoddard 193 1 , Davidson et al. 1980, Hansen
1987, Landers et al. , pers. com mun.). Background
levels of avian pox are normally not a manage
ment consideration; however, during pox out
breaks a tremendous potential for intraspecific
transmission of this disease can occur. This trans
mission can be mechanical (by pecking of lesions)
or through arthropod vectors. The potential for
interspecific disease transmission of pox viruses
infecting bobwhite is less well known. Currently
there are no known methods to prevent or control
epizootics originating in the wild.
The potential for released pen-raised bobwhite
to elevate the incidence of pox in wild bobwhite
populations also is of concern. Pen-raised birds
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are often produced at very h igh densities (1
bird/0.09 m 2 of pen) and avian pox can spread
quickly through an entire flock (Shillinger and
Morley 1937, Poonacha and Wilson 1981). Fur
ther, avian pox is not uncommon among pen
raised bobwhite (Landers et al., pers. commun.).
While very little is known about pen-raised and
wild bird interactions, the 2 groups have been
documented to mix in the field (Mueller 1985,
DeVos, unpubl.data).This close interaction in the
field could substantially increase the chances for
avian pox transmission.
Ways to reduce the chances that pen-raised
bobwhite could contribute to avian pox outbreaks
among wild bobwhite have been detailed in
Landers et al . (pers. commun.). Adherence to
these recommendations can greatly reduce the
potential for transmission of avian pox from pen
raised to wild bobwhite.
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Abstract: Brood habitat use and summer mortality of northern bobwhite (Colinus virginianus) chicks and adults

were studied from 1984 to 1986 at Tall Timbers Research Station near Tallahassee, Florida. Adult bobwhite (n =
134) were radio-tagged and monitored throughout the breeding season. Fifty-four nests were located and 227
bobwhite chicks were monitored to determine reproductive output and brood status. Counting chicks on the roost
at night provided reliable estimates of brood size reduction. Chick loss rates were 62% to 2 weeks and 71% to 1
month posthatch. Adult mortality from 15 May to 15 October for combined years was 31%. Seventy-one percent
of females surviving to 15 October produced a brood (defined as >1 chick surviving to 2 weeks of age). Fourteen
percent of males which survived the summer incubated a nest and produced a brood. Brood locations were analyzed
for vegetative structure, composition, and insect abundance and compared to random plots. An inverse correlation
(P < 0.05) existed between insect abundance and brood home ranges at 2 weeks. However, there was no correlation
between insect density and chick mortality (P > 0.05) . Brood locations had a greater (P < 0.05) occurrence of
Compositae, Gramineae, Leguminosae, Rosaceae, and shrubs than random locations. Preferred brood areas were
old (>5 years), fallow fields with a scattering of shrubby thickets and a relatively open tree canopy. Two cases of
double clutching occurred in which females successfully raised a brood to 1 month of age and subsequently were
found incubating a second nest.

Key words: brood, Colinus virginianus, habitat, mortality, northern bobwhite, north Florida.
Citation: DeVos, T. and B. S. Mueller. 1993. Reproductive ecology of northern bobwhite in north Florida. Pages
83-90 in K . E. Church and T. V. Dailey, eds . Quail III: national quail symposium. Kansas Dep. Wildl. and Parks,
Pratt.

Over 50 years of research has generated nearly
2,800 papers on the life history and management
of northern bobwhite (Scott 1985). Many studies
have concentrated on faWwinter habitat manage
ment; food habits, and population biology. Tradi
tional bobwhite management is fairly well under
stood (Kellogg et al. 1972); however, knowledge of
breeding season ecology and summer habitat use
is limited. The ability of researchers to observe
adults and broods in lush summer vegetation is
one of the principal problems encountered in
breeding -season research. Several studies have
addressed nesting/brood chronology , nesting
habitat, and adult mortality and attempts have
been made to estimate recruitment of chicks into
the fall population (Stoddard 193 1 , Lehmann
1946, Klimstra 1 950, Speake and Haugen 1960,
Dimmick 1972, Simpson 1972, Dimmick 1974,
Roseberry and Klimstra 1984). Much of these
data were gathered through intensive searches in
nesting habitat, vegetative sampling of nest sites,
brood observations throughout the summer,
banding, and harvest data.
1 Present address : Route 1 Box 519, Newton, GA
31770.
2
Present address : American Wildlife Enterprises,
493 Beaver Lake Road, Tallahassee, FL 32312.

Hurst ( 1972) and Jackson et al. (1 987) studied
preferences of chicks for various insects and in
sect densities in various vegetation types thought
to be good brood habitat. They emphasized the
importance of insect abundance to survival of
growing chicks.
Survival of juven ile bobwhite immediately
posthatch is 1 of the most important but least
documented aspects of quail biology (Roseberry
and Klimstra 1 984). The cryptic coloration and
freezing behavior of young chicks make obser·
vation difficult. Group rearing, brood switching,
double clutching , and adoption also appear to be
more common than previously believed, thereby
increasing variability in survival estimates
(Curtis et al. 1 993). It is generally agreed that
the first 2 weeks of life are the most critical to
survival of chicks due to flightlessness , lack of
protective feathering, and high protein require·
ments (Stoddard 193 1 , Klimstra 1 950, Fatora et
al . 1 966, Hurst 1 972). Current estimates have
been derived from brood surveys and based on
average size of broods sighted of a given age
throughout the breeding season. Estimated los ·
ses are highly variable but are commonly
around 50% to 5 months of age.
In addition to the lack of brood/chick informa·
tion, little data exist on survival and tim ing of
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mortality on adults during the reproductive
season. The extent of adult mortality during nest
ing and brood rearing largely determines the size
of the fall population (Roseberry and Klimstra
1 984, Curtis et al. 1 988). Although banding
studies and analysis of fall population structure
yield invaluable information, such data cannot
fully describe the characteristics and importance
of survival during spring-summer.
We monitored radio-tagged males and females
through 3 breeding seasons to determine (1) adult
survival June-October, (2) brood size reduction
from hatch to 1 month of age, (3) adult and brood
home range sizes, and (4) vegetative structure
and insect abundance in brood locations com
pared to random sites.
Sincere appreciation is extended to the dedi
cated staff of Tall Timbers, including but not
limited to Jimmy Atkinson, Steve Frick, Richard
Payne Jr. , Clay Sisson, Miranda Stevens, and the
many individuals supporting this organization.
Funds were provided through Tall Timbers Re
search Station and Quail Unlimited.

STUDY AREA AND METHODS

Tall Timbers Research Station ('ITRS) is lo
cated in northern Leon County, Florida, in what
is commonly termed "the Red Hills." This area in
southwest Georgia-north Florida has a long his
tory of intensive bobwhite management. TTRS
consists of approximately 1 ,300 ha of rolling hills
vegetated primarily with loblolly (Pinus taeda)
and shortleaf (P. echinata) pine. Hardwood bot
toms interspersed throughout the property con
sist of sweetgum (Liquidambar styraci/1,ua), hick
ory (Carya sp.), and oaks (Quercus spp.) with
American beech (Fagus grandifolia) and southern
magnolia (Magnolia grandi/1,ora) in the larger
"hammocks." Upland pine stands are maintained
at a low basal area (5- 1 5 m2 /ha) primarily through
the use of annual prescribed fire. These fires also
serve to reduce understory vegetation and
promote optimum food and cover conditions for
bobwhite. Groundcover vegetation is composed
primarily of grasses and composites but is also
rich in legumes ; scattered food plots and fields are
planted to small grain crops. A more detailed
description of the study site can be found in Smith
et al. (1982). Traditionally, the majority of this
property has been managed specifically to main
tain high bobwhite populations (Kellogg et al.
1972).
Bobwhite were captured using standard funnel
traps baited with cracked corn (Stoddard 193 1);
trapping began in May and continued into ,July
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1984-86. Additional birds were captured when
needed by netting roosted pairs or groups of birds
at night. All captured birds were banded and held
overnight to allow crop contents to be ingested to
facilitate transmitter attachment. The following
morning, all birds were aged and sexed according
to plumage ch aracteristics (Rosene 1 969) ,
weighed, and instrumented with radio transmit
ters developed at TTRS (Shields et al. 1982).
Transmitters were chest-mounted and weighed
approximately 6 g; Mueller et al. (1988) detected
no differential mortality between radio-tagged
and unmarked bobwhite using this unit. We did,
however, incorporate a 2-week adjustment period
during which mortality of instrumented birds was
discounted from survival analysis. We believe
that this period is necessary for birds to fully
adjust to transmitters. Birds radio-tagged in 1984
were used only for brood survival/brood home
range analysis.
Survival rates of adult bobwhite were calcu
lated using the Kaplan-Meier staggered entry
design (Pollock et al. 1990) which allowed for
incorporation of additional birds during the study
and the censor of birds due to radio failure or
emigration. Agents responsible for mortality were
identified as nearly as possible by field sign left at
kill sites and postmortem condition of transmit
ters. We used log rank tests (Pollock et al. 1990)
to detect differences in adult survival between
years and sexes. Differences in chick survival
rates between years were tested by analysis of
variance.
Individual birds were monitored 3-4 times a
week from June to October each year or until
radio-failure or mortality occurred. Nesting be
havior was detected after incubation was in
itiated and a bird was located 2-3 times at the
same site. Efforts were made to avoid flushing
birds from nests. Incubating bobwhite were
monitored once a day until hatch , nest loss, or
adult mortality occurred. Eggs were counted
during incubation recess periods whenever pos
sible, and the number of chicks hatched per brood
was determined from egg shell remains at the
nest site. Chi-square analysis was used to detect
differences in the number and hatchability of
eggs.
Adults with broods were located twice a day
until the chicks were 2 weeks old. Flags were tied
on vegetation 30-50 m from estimated brood loca
tions to avoid influencing brood movements. Loca
tion number and distance/direction to broods
were recorded at each location. Brood counts were
conducted at approximately 7 and 1 4 days of age.
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Because of the difficulty in counting flightless
chicks, we believe that true estimates of brood size
could only be obtained by radio-locating the
roosted parent at night. Once visual contact was
made on the roost, the adult was gently, physical
ly moved off the brooded chicks. Chick counts with
this technique were quite successful; however,
some adults, particularly males, did not allow
close approach and accurate estimates were not
attainable until chicks reached flight stage at
approximately 2 weeks of age. Weekly flush
counts were made of broods older than 2 weeks.
Two observers were present on most chick counts
to ensure consistency. Other p rob lems en
countered in brood counts included adults with
chicks other than their own and brooding be
havior exhibited by chicks 1 month old and older.
Brood size reduction was assumed to be a direct
indicator of brood mortality, and although some
brood switching was app arent it occurred
primarily in the more advanced aged broods (i.e. ,
>2 weeks old).
Brood and adult home ranges were analyzed
using Mohr's minimum range technique (Mohr
1947). Adult bobwhite with >20 locations were
used in home range estimation. Differences in
brood ranges between years were tested by
analysis of variance.
All brood locations were sampled for vegetative
composition and structure as soon as broods
reached 1 5 days of age. Brood locations were
assumed as plot center of a 0.04 ha plot. Flags
were tied 10 m from center in the 4 cardinal
directions. Insects were collected with 40 sweeps
of a sweep net on the compass lines of each brood
plot. All vegetation and insects collected in nets
were put in 3.8 L glass j ars with a 50/50 mixture
of alcohol and water. Insects were later separated
to orders, and volume displacement for each order
was recorded. Chi-square analysis was used to
detect differences between brood ranges and ran-

dom locations. We related 2-week brood home
ranges to insect abundance within brood ranges
by regression analysis.
Vegetative parameters measured for plots in
cluded percent overstory (>2 m) canopy cover by
ocular estimate, distance of plot center to ecotone,
and number of vegetative intercepts at 1 . 5 m. A
0. 5-m2 grid was placed 4 times, at equal spacing,
on both compass lines; percent chick cover at 15
cm, percent bare ground, species composition, and
percent species coverage were recorded in each
grid. In 1986, 6 broods used a relatively small
area, referred to as the "Gay field" (18 ha) , and
were analyzed separately. Random plots were
sampled identically to brood locations. Chi-square
analysis was used to detect differences between
brood locations and random plots.

RESULTS

Ad u l t S u rvival

One hundred and thirty-four adult northern
bobwhite were captured and radio-tagged during
the 1984-86 field seasons. One hundred and four
teen bobwhite surviving > 2 weeks post release in
1985-86 (n = 60 males and 54 females) were used
in mortality analyses (Table 1).
There was no difference in adult summer sur
vival between 1985 (0. 664) and 1986 (0. 729) (X2 =
2. 689, P > 0. I O). Female survival from 24 June to
25 August 1985 (0.548) was less (X2 = 4.069, P <
0.05) than that of females surviving the same time
period in 1986 (0.819). Survival of females was
lower (X2 = 4.296, P < 0. 05) than that of males in
both years combined. Predation was implicated in
all bobwhite deaths; of the 29 total mortalities
which occurred over both years, we were able to
determine the predatory agent responsible for 27
(93%) of the deaths. Of these, 16 (59%) were
caused by avian predators and 1 1 (4 1 %) were
mammalian predation. The proportion of deaths

Table 1 . Kaplan-Meier survival estimates (S) for male and female northern bobwhite radio-tagged at Tall Timbers
Research Station , Tallahassee, FL 1985-86.
Males

Females
n
1 5 May -11 Jun
12 Jun - 9 Jul
10 Jul - 6 Aug
7 Aug · 3 Sep
4 Sep · 1 Oct
2 Oct - 1 5 Oct

54
53
42
32
23
15

s

0.9773
0.792 1
0.87 1 5
0.9310
1 .0000
1 .0000

SE

n

0 .0225
0 .0633
0.0574
0.0517
0 .0000
0 .0000

51
53
50
39
28
18

s

1 .0000
0.9219
0.9120
0.9688
1 .0000
0 .9444

Total
SE

n

0.0000
0.0387
0.0442
0 .03 1 7
0.0000
0 . 1 323

105
106
92
71
51
33

s

0.9881
0.8559
0.8935
0.9508
1 . 0000
0.9697

SE
0 .0 1 18
0.0372
0.0347
0 .0294
0.0000
0.0700
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was similar among predatory agents responsible
for kills (X2 = 0.450 1 , P = 0.5023).

Ad u lt Home Ranges

Summer adult ranges for 1985 and 1986 (n =
53) averaged 16.0 ha, and varied from 3.4 to 47.7
ha. Mean adult ranges were larger (t = 2.91, P =
0.0053) in 1985 (n = 26, 19.8 ± 2. 18 ha[SE]) than
1986 (n = 27, 12. 3 ± 1 . 39 ha[SE]).

Nesti ng and Nest Lo ss

Fifty-four nests were found during incubation;
the fate of 5 1 could be determined. Clutch size
ranged from 4 to 32, and averaged 1 2.8 eggs.
Clutch sizes (X2 = 0.453, P = 0.562) and success
rates (X2 = 0.318, P = 0.670) for early (before 15
July) and late (after 1 6 July) nests were similar:
early nests (n = 28) averaged 14. 1 eggs per nest
while late nests (n = 23) averaged 1 1. 3. Early
nests had a 39% success rate, late nests 52%, and
overall nest success was 45% (36% in 1985 and
54% in 1986). Male bobwhite incubated 19% of the
nests found.
Predation on females or nests was the principal
cause of nest failure. These factors accounted for
89% of unsuccessful nesting attempts, with nest
abandonment accounting for the remainder. We
believe that the principal cause of abandonment
was researcher disruption. Based upon sign left
at or near destroyed nests , we attributed the
majority of nest predation to mammals (52%),
snakes accounted for 28%, and the predatory
agent was unknown for 10% of nest predation.
Three females killed during incubation accounted
for 10% of both adult deaths and nest failures.
Hatchability rates of successful nests among
years were similar: for 1985 it was 0.82 (n = 9) and
0.92 (n = 1 4) in 1986. The difference between
years was not significant (X2 = 0.42 1 , P = 0.5 1 7).
Two females which died during brood rearing
accounted for 7% of adult deaths. Overall, 13
(72%) females (n = 18) and 3 (14%) males (n = 2 1)
surviving to 3 1 September produced broods. Two
instances occurred in which a female successfully
raised at least 1 chick to 1 month of age and was
subsequently located incubating a second clutch
of eggs. Neither second attempt was successful.

B rood Los ses

The 2-week fates of 22 broods could be deter
mined. No difference in 2-week (F = 0.62, P =
0. 549) or 1 month (F= 0.29, P = 0. 753) chick losses
occurred among the 3 years; therefore, all years
were combined for analysis of chick mortality.
Chick loss rates to 2 weeks between the Gay field
broods (78%) and the remaining 1986 broods

(46%) (X2 = 2. 77, P = 0.096) was similar. Overall
brood success rate was 0.80 (defined as > 1 chick
surviving to 2 weeks of age) . Chick losses
averaged 62% to 2 weeks and 7 1 % to 1 month of
age. Two-week brood losses ranged from 18 to
100%.

B rood Ranges and Habitat Use

Brood ranges for the 3 years combined averaged
6. 5 ha in the first 2 weeks and 10.0 ha to 1 month
posthatch. No differences in brood home range
size were noted among years (F = l . 6 1 , P = 0.226).
Gay field broods had smaller 2-week ranges (3. 5
ha) than other broods (7.8 ha; F= 5.53, P = 0.029).
Vegetation in brood habitat (Table 2) was char
acterized �y a hi�her occurrence of Composi'f€
_
and Grammeae (X = 14.802), Le!Jjtminosae (X =
5.996), Rosaceae, and shrubs (X = 5.655) than
random plots. Brood locations (Table 3) had less
overstory canopy coverage (X2 = 1 1 .955) and vines
(X2 = 35.890), and more vegetative intercepts at
2.5 m (X2 = 75.608). Brood rearing areas tended
to be fallow fields, burned during the previous 2
years, with patches of shrubby thickets.
The importance of insect abundance to brood
habitat quality was apparent. Adults with broods
utilized areas of higher insect density (Table 4)
than present in random plots (X2 = 66. 770) and
occasionally made considerable movements (>0.4
km) to brood-rearing areas. Brood locations had
greater volumes of Orthoptera and Homoptera
(X2 = 5 1 . 000), Coleof tera (X2 = 4.882), Hymenop
tera and Diptera (X = 4. 387), and Hemiptera (X2
= 5. 034) compared to random locations. Insect
Table 2. Frequency of occurrence and vegetative char
acteristics measured in brood locations and random
plots on Tall Timbers Research Station, Tallahassee,
FL, 1985-86.
Brood
locations
(n = 2,824)

Vegetation
type

Random
plots
(n = 768)

P'

Leguminosae

2,385

557

0 . 0 1 43

Compositae/
Gramineae

2,716

584

0.000 1

397

1 00

0.5 196

1 ,728

399

0.0174

Rubiaceae
Rosaceae/shrubs
Euphorbiacea

293

82

0.63 1 9

Vines

258

1 37

0.0000

1 ,6 18

571

0.0000

Miscellaneous

P based on X test of hypothesis of no difference i n
frequency o f occurrence between brood and random
locations.
8

2
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volumes in brood locations were higher in 1986
compared to 1985 (X2 = 108.293, P < 0.00 1). No
differences in insect volumes were noted between
1985 and 1986 random locations (X2 = 108.293, P
= 0. 157). Insect volumes in Gay field brood loca
tions were greater than in the remaining brood
ranges in 1986 (X2 = 13.2 19, P = 0.013). However,
non-Gay brood ranges in 1986 had less insect
volume than 1985 ranges (X2 = 33. 172, P < 0.001).
An inverse correlation existed between brood
home range size and insect densities within brood
ranges in 1985 and 1986 (1985, r2 = 0. 521, P =
0. 008; 1986, r2 = 0.479, P = 0.0 1 3). Although areas
selected by brood-rearing adults had relatively
h igher insect densities, no correlation between

insect densities and 2-week chick loss rates was
detected (1985, r2 = 0.029, P = 0. 7 16; 1986, r2 =
0.056, P = 0. 51 1; Gay broods, r2 = 0. 415, P =
0. 229).

Table 3. Physical parameters measured in brood loca
tions and random plots on Tall Timbers Research Sta
tion, Tallahassee, FL, in 1985-86.
Brood
Random
locations
plots
Physical
(n = 353)
(n = 96)
parameter
[fi
204.74
0.8284
53.41
% bare ground
% overheaq,
2 1 1 .80
48. 1 4
0.3617
chick cover
151 .79
% overstory coverb
76.90
0.0050
Distance to
277.00
953.10
0.6196
ecotone (m)
1 ,865.00
0.0000
18,356.00
Intercepts
0
P based on X2 test of hypothesis of no difference
between brood and random locations.
byalues are the sum of proportion per plot.
Table 4 . Volume displacement (mL) of insect orders
collected in brood and random plots on Tall Timbers
Research Station, Tallahassee, FL, in 1985-86.
Brood
Random
pilocations
Insect order
plots
Orthoptera
157
0.0000
and Homoptera
1 ,04 1
4
Coleoptera
43
0.0271
Hymenoptera
1
and Diptera
23
0.0362
10
Hemiptera
0.0249
75
55
9
0 . 1 328
Arachnids
Miscellaneous
86
0 . 1 337
16
and larvae
197
Total
0.0000
1 ,326
aP based on X2 test of hypothesis of no difference in
volume displacement of insects in brood plots (total
sweeps = 14,320) and random locations (total sweeps =
4,000).

DISCUSSION

Successful reproduction is paramount to hunt
able fall densities of bobwhite. Little can be done
to offset inherently high mortality rates of adult
bobwhite in the winter/spring; therefore, provid
ing quality brood rearing habitat is essential.
Although reproduction is broadly regulated by
uncontrollable climatic conditions (Lehmann
1946, Speake and Haugen 1960, Rosene 1969,
Klimstra and Roseberry 1975), efforts should be
made to provide quality escape cover for adults,
patchy nesting sites, and high insect density
areas for brood production.
Our summer adult mortality estimates (30%)
were somewhat lower than those reported by
other researchers. Roseberry and Klimstra ( 1984)
estimated average summer mortality to be nearly
40% over a 16-year period, while Rosene's (1969)
estimate was a range of 52-63%. Speake and Ser
mons ( 1987) reported summer female mortality in
a radio- tagged sample at 64%, with avian
predators responsible for ,54% of known bobwhite
deaths. Cantu and Everett (1982) reported breed
ing season mortality in radio-tagged females to be
44% in 1980 and 57% in 198 1 . Our female mor
tality estimates (45 and 30% in 1985 and 1986,
respectively) are similar to the preceding 2 re
searchers' estimates of radio-tagged female mor
tality.
Early spring mortality associated with migrat
ing hawks may contribute to seasonal variation
in productivity if losses are not compensated for
in the breeding season. Losses in early- and mid
summer, such as found in our study in 1985, can
have substantial impacts on overall production
(Stoddard 193 1, Roseberry and Klimstra 1984,
Simpson 1972, Speake and Sermons 1987) by
removal of reproductively active adults. Stoddard
( 193 1), Simpson ( 1976), Speake and Sermons
( 1987), and Curtis et al. (1988) noted that mor
tality rates of females during summer are higher
than those of males and speculated that reproduc
tive stress associated with nesting/brood rearing
duties were primarily responsible for increased
vulnerability. It was also interesting to note that
47% of the 1985 mortality was associated with 2
nesting pairs of Cooper's h awks (Accipiter
cooperii) wh ich , comb ined, accounted for 2 7
known bobwhite deaths (based o n breastbone
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counts and not limited to radio-tagged birds) in
June, July, and August. Bobwhite represented
>70% of the identifiable remains in these 2 nests.
Although survival of adults, in particular females,
was not different throughout the summer, mor
tality in 1986 was spread more evenly through the
season.
Nest success rates also depend upon a variety
of environmental parameters including weather,
predator densities, nest concealment, and num
ber and size of nesting areas. Simpson ( 1972)
reported an average nest success rate of 18% in
south Georgia, and Dimmick ( 197 4) recorded a
23% rate for Tennessee. Stoddard ( 193 1) ex
amined 602 nests in north Florida and south
Georgia and found a 36% success rate. However,
these estimates included nests which were not yet
at incubation stage. Roseberry and Klimstra
(1984) found 33% of all used nests were successful
and varied from 25 to 53%. Speake and Sermons
(1987) reported a 52% incubated nest success rate
during 1984-86 in central Alabama. We found
similar postincubation results in our study with
success rates of 36% in 1985 to 52% in 1986.
The survival of young chicks and their recruit
ment into the fall population is important not only
for summer habitat management, but for harvest
strategies as well (Roseberry and Klimstra 1984).
Based on long- term records, Roseberry and
Klimstra (1984) estimated chick loss rates to be
25-47% from hatch to fall. Brood mortality studies
using radio-tagging yield much higher mortality
rates of chicks. Cantu and Everett ( 1982) studied
radio-tagged females in Texas and the fate of 5
broods from hatch to 2 weeks of age. Out of 55
chicks recorded to have hatched, 7 ( 13%) survived
to 2 weeks of age (87% loss). In a radio-tagging
study of females and 20 associated broods in
Alabama, Speake and Sermons (1987) found that
64% of chicks hatched were lost by 2 weeks of age
and 75% were lost within 1 month. Undoubtedly,
chick losses are neither consistent from brood to
brood nor year to year. Our results support the
higher chick mortality rates found by Cantu and
Everett (1982) and Speake and Sermons ( 1987);
however, other factors such as double clutching
and male/single parent broods may offset these
high losses (Curtis et al. 1993).
Annual TTRS adult survival estimates (Curtis
et al. 1988), coupled with our data on summer
reproductive output, yield a realistic example of a
stable population. Low chick mortality estimates
previously reported from observational surveys
indicate a high rate of population increase, which
is undoubtedly not the case across the majority of

Quail III

the bobwhite' s range. In addition, higher summer
mortality rates reported in other telemetry
studies may be overestimations due to excessive
predation caused by transmitter design or mount
ing technique.
Brood habitat management is rarely defined,
because individual components of quality brood
range are relatively unknown. Cantu and Everett
(1982) felt that woody cover for shade and protec
tion and high percentages of bare ground were of
most importance to young broods. Speake and
Sermons (1987) found 5 1 % of brood locations were
in fire-managed upland pine woodlands, and
Hurst (1972) showed that burning increases den
sities of certain insects. We also noted that most
of our principal brood-rearing areas and high
insect densities were found in fire maintained
upland pine habitat types , especially those where
fields were left fallow for several years and were
being incorporated b ack into the woodland
management system (i.e., burning and mowing).
The importance of high densities of available
insects to chick survival cannot be overstated.
Bobwhite with broods appeared to select for
brood-rearing areas which had higher concentra
tions of insects. Brood areas had higher insect
densities in 1986; however, one reason for this
may have been the superior brood habitat utilized
in the Gay field area. Although no differences in
chick mortality were noted in high brood use
areas, it may be advantageous for females to avoid
brood concentration areas due to prey specific
searching by predators who "learn" of these areas.
Our data characterize quality brood range as
open, fire-maintained uplands with greater than
average densities of composites, legumes, gras
ses, Roscu:eae, shrubs, and lower coverage of
vines. Brood habitat includes 50% bare ground
and 50% overhead chick cover, <40 m from an
ecotone (especially f ield borders) w ith ap
proximately 40% overstory canopy coverage and
high insect densities.

MANAGEMENT IMPLICATIONS

The ability of northern bobwhite, across their
range, to successfully nest, hatch broods, and
raise a portion of their young to be incorporated
into fall populations is paramount to offsetting
inherently high adult losses throughout the year.
High mortality rates of chicks less than 2 weeks
of age indicate that, prior to reaching flight stage
and homeothermic independence, they are preyed
upon heavily, primarily by ground predators
(Stoddard 193 1) or may succumb to environmen
tal factors possibly including starvation. The im101
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portance of insects in the diet of these young
chicks has been reported. Insect availability, low
growing vegetation with a high percentage of
open ground for ease of movement, and overhead
cover for chicks may be the most important com
ponents. Tiny insects must also be concentrated
at approximately 0- 10 cm above the ground and
chick movement must be relatively unrestricted.
Quality brood habitat must also be well dis
tributed to avoid concentrations of broods into
small patches, yet also be in close proximity to
optimum nesting areas. Large movements or high
concentrations of broods may serve to increase
their chances of mortality. Finally, adults must
survive long enough in the breeding season to
successfully nest and raise young to make a con
tribution.
Bobwhite densities were reported to be un
usually high during the tenant farming era in the
South (Stoddard 1931), probably due to the many
scattered, weedy fields; an abundance of open
cover; strong use of prescribed fire; and predator
control. He also noted that these tenant "manage
ment" systems created "enormously increased
food supply, and with lessened natural enemies,
the bird in this early stage of agriculture ex
perienced favorable conditions that perhaps
never before or since have been equalled." Faced
with current declines in bobwhite populations
across the Southeast (Johnson 1985) , a reevalua
tion of our management techniques may be in
order and a look back to the "good old days" may
reveal some forgotten ideas.
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Abstract: We describe a management technique whereby the adverse effects of pesticides on game-bird chick

production were alleviated following selective use or selective avoidance of pesticides on the edges of cereal crops.
This technique (known as Conservation Headlands) provided increased amounts of food resources necessary for
young gray partridge (Perdix perdix) and ring-necked pheasant (Phasianus colchicus) chicks . The use of Conser
vation Headlands has consistently increased average numbers of chicks per brood of both species via increases in
the densities of arthropods and weed plants. These findings are discussed in the context of the other prerequisites
of wild game-bird production in the UK and how these may be altered by recent Government policies to reduce
cereal surpluses.
Key words: Britain, chick foods, Conservation Headlands, gray partridge, indirect effects, pesticides, ring-necked

pheasant.
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In 1968, studies were initiated to identify fac
tors contributing to an obseived 80% decline over
40 years of the gray partridge in the UK (Potts
1980, 1986). This led to research begun in 1984 on
devising management strategies to deal with the
causes of poor levels of wild game-bird production
on intensively farmed arable land.
Earlier studies (Blank et al. 1 967, Potts 1980)
identified the key factor causing changes in a gray
partridge population in the southern UK as chick
mortality, and linked national declines with poor
chick suivival. Also, chick suivival was shown to
be linked to availability of sufficient quantities of
preferred insects, essential in the diet of young
chicks of both gray partridge (Southwood and
Cross 1969, Potts 1986) and pheasant (Hill 1985).
It has been suggested that increasingly intensive
production over the last 40 years has resulted in
low densities of preferred insects in cereal fields
(Potts 1986, Rands et al. 1988). Use of pesticides
(insecticides, herbicides, and fungicides) ap
peared to be a major contributory factor in reduc
ing populations of preferred insects.
Green ( 1984) listed preferred food items of
young partridge chicks in the UK These include
Coleoptera (Chrysomelidae, small diurnal
Carabidae, and Curculionidae), laival forms of
Lepidoptera and Tenthredinidae (especially
species of the genus Dowrus), and many members
of the Heteroptera (especially species of the genus
Lygocoris). Many preferred insects were relative
ly abundant at the edges of cereal fields where
gray partridge broods foraged (Green 1984).

The use of both insecticides and insecticidal
fungicides can detrimentally affect these nontar
get species (Vickerman 1977, Vickerman and
Sunderland 1977, Vickerman and Sotherton
1 983, Sotherton et al. 1 987, Sotherton and
Moreby 1988), as can herbicides. The use of her
bicides has probably been the most important
factor because they limit cereal field weeds, the
host plants of many phytophagous chick-food in
sects (Southwood and Cross 1969, Vickerman
1974, Sotherton 1982). Approximately 60% of
preferred chick-food insects are phytophagous
species feeding on weeds of the genera
Polygonum, Fa.llopia, Chenopodwm, Sinapis, and
Ma.trica.ria. Thus pesticides disrupt the food
chains of game-bird chicks both directly (insec
ticides) and indirectly (herbicides).
The dilemma has been to devise practical
management options whereby cereal farmers
could continue to maintain high levels of crop
production while ameliorating some of the ob
seived effects of pesticides on farmland wildlife.
One possible solution was selectively sprayed
cereal crop margins or Conseivation Headlands.
In this management system, the outermost sec
tion of the spray boom (in most cases, the outer
most 6 m depending on spray-boom width) was
either switched off when spraying around crop
edges or "headlands" to avoid particular chemi
cals at certain crucial times of the year, or the
headlands were sprayed separately with more
selective compounds, approved following field
screening for selectivity. The interior of the field
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was sprayed with the usual complement of pes
ticides, and only the outermost crop edge (usually
calculated at 6% of total field area) received lower
pesticide inputs.
Results of selective use of pesticides have been
published in part elsewhere (Rands 1985, 1986,
Sotherton et al. 1985). In this paper we update
s ome res ults and s ummarize implications ,
progress , and the future of this work, including
prospects for increasing food resources for wild
game birds despite current and pending attempts
to reduce surplus grain production through land
use changes.
NWS was able to attend Quail III and thus to
produce this manuscript thanks to financial sup
port of The American Friends of The Game Con
servancy to whom grateful thanks are given.

SITES AND METHODS
From 1983 to 1986 field-scale experiments were
carried out on an 11 km2 mixed arable and live
stock farm in Hampshire, southern UK. Several
large blocks (100 ha) of cereal fields on the prin
cipal study farm were sprayed either entirely or
except for the outermost 6 m in a randomized
block design. Use of pesticide on this outermost
strip varied slightly between years as the term
"selective spraying" was refined, but in all cases
the aim was to avoid use of insecticidal chemicals
and broadleaf herbicides.In this way blocks of up
to 12 fields had their headland pesticide regime
manipulated to not seriously reduce yield, cause
problems with harvesting or grain quality, or
increase management effort on the farm but
which benefited wild game production so that
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these techniques could be widely adopted by
farmers. A summary of the current set of
guidelines updated from Boatman and Sotherton
(1988) are given in Table 1.
Similarly , from 1984 to 1986 paired blocks of
cereal fields were set up on farms in eastern UK
counties. In addition, from 1986 to 1990 pooled
game-bird data from within- and between-farm
comparisons were available from eastern coun
ties.More rigorous pairings of replicated blocks of
cereal fields with different headland pesticide
regimes on study areas were no longer available
on farms where estate owners abandoned the
experimental approach in favor of a more
widespread , farm-scale use of Conservation
Headlands. Data derived from these farms were
therefore based on less rigorous experimental
designs.
In all experiments , measures of game-bird
breeding success (rates of chick survival and/or
mean brood size in autumn) were compared
among broods with and without access to Conser
vation Headlands in brood rearing areas.

Chick-food Insects and Broad leaf
Weeds
Details of experimental designs and methods
used in 1983 and 1986 to quantify effects of ad
justing pesticide inputs on cereal field headlands
on the densities of preferred chick-food items have
been published elsewhere (Sotherton et al. 1985,
Rands 1985). Methods of measuring changes in
weed flora are described elsewhere (Boatman
1988). However, on all occasions weed densities
were measure d . Where possible add itional

Table 1 . A summary of guidelines for selective use of pesticides on Conservation Headlands in UK cereal fields,
1992 .
Autumn spraying
Spring spraying
Insecticides

Yes (avoiding drift)

No (only up until 1 5 March)

Fungicides

Yes

Yes (except compounds
containing pyrazophos)

Growth regulators

Yes

Yes

Herbicides
a) Grass weeds
b) Broadleaf weeds

Yes8 (but only those compounds approved for use;
b
i.e., avoid broad-spectrum residual products)
8
No (except those compounds approved for use
against specific problem weeds; e g . , Galium aparine)

8

These guidelines refer to both spring and autumn spraying.
�ri-allate, dichlofop-methyl, difenzoquat, flamprop-m-isopropyl, fenoxaprop-ethyl, tralkoxydim .
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measures s uch as species diversity , weed
biomass, and percentage weed cover were also
recorded. For m ore recent e xperiments to
m easure insect abundance the following
methodologies were used.

Experimental Des ign
Spring Wheat 1 988.-0ne headland of a field of
spring -sown wheat was divided into 8 plots (100
x 9 m). In April, herbicides were excluded from
alternate plots. All plots were sprayed with fun
gicides and plant growth regulators (straw stif
feners and shorteners) and received equal
amounts of fertilizer. As the adjacent field bound
ary type and its aspect were the same for all plots ,
only the herbicide application was withheld from
the Conservation Headland plots in accordance
with guidelines for herbicide use on spring-sown
crops.Selective graminicides were not needed on
this crop.
Before herbicide application , and on 5 dates
afterward , insects were sampled using a vacuum
insect sampler. On each sampling date and on
each plot per treatment, 5 samples of 0.5 m 2 were
taken.
Winter Wheat 1 988.-On 1 block of land on the
principal study farm , headlands were fully
sprayed , whereas all other cereal fields on the
farm had their headlands managed according to
guidelines for Conservation Headlands. Head
lands within the fully sprayed block were chosen
and paired up with headlands in fields with Con
servation Headlands , so that their aspect and
adjacent field boundaries were the same. Nine
pairs of winter wheat headlands were chosen and
sampled once in early June with a vacuum
sampler again taking 5 samples of 0.5 m 2 per
headland.

G ame Birds
Breeding success of gray partridges and
pheasants was measured by counting numbers of
juvenile and adult birds on cereal stubble after
harvest and calculating mean brood size (exclud
ing zeros). Gray partridge censuses began in 1983
and pheasant counts in 1984. Radio-tagging was
also used to track individual broods in 1984
(partridge) and 1988 (pheasant). Backpack radios
were fitted to sitting females on the nest immedi
ately prior to hatching . Location of broods was
estimated by triangulation 3 times per day and
once at night to record roosting position. Data
gathered using radio-tagging for gray partridges
included chick survival per brood to 21 days old,
home range size (minimum polygon area), the

Quail Ill

proportion of home range including the headland
area, and distance between successive roost sites.
One estimate of mean survival of pheasant chicks
to l 0 days old was also obtained.In addition, chick
fecal samples were collected from roost sites of
both species , and insect fragments were counted
and identified (Moreby 1988). Multiple stepwise
regression was used to identify which insect taxa
were responsible for observed variations in chick
survival rates.Percentage data were converted by
the arc sin transformation.Further details of the
experimental design may be found elsewhere
(Rands 1985), as well as methodologies used to
assess weed density and details regarding radio
tagging (Rands 1985, 1986, Sotherton et al. 1985,
Hill and Robertson 1988). Long-term effects of
pesticide use on gray partridge demography were
measured by recording annual spring breeding
densities (expressed as pairs per km 2) on the main
study farm in Hampshire.

RESULTS and DISCUSSION
Broad leaf Weeds
Effects of the selective exclusion of herbicides
on broadleaf weeds led to as much as a 10-fold
increase in total broadleaf weed density where
herbicide inputs were reduced , compared to those
areas that were fully sprayed. Species diversity ,
weed biomass, and percentage weed cover all in
creased significantly in the absence of broadleaf
weed herbicides. Data for 1983-88 appear in
detail elsewhere (for 1983 and 1984, Sotherton et
al. 1985; for 1985 and 1986, Boatman 1988; and
for 1988, Sotherton 1991, Chiverton and Sother
ton 1991).

Insects
Some insect data showing differences between
cereal field headland pesticide spraying regimes
have been published elsewhere (Sotherton et al.
1985, Rands 1986). In these trials, conducted in
1983 and 1984, 2- and 3-fold increases in chick
food insect densities on Conservation Headlands
were obtained compared to headlands that were
fully sprayed. Greater differences between treat
ments were found for sedentary , weed-feeding
species .
In 1988 in spring-sown wheat, the absence of
broadleaf weed herbicides resulted in increases in
chick-food insect groups.Mean pretreatment den
sities were very similar and did not differ sig
nificantly among plots; in most instances num 
bers were very low. After treatment, significantly
higher densities of Heteroptera (P < 0.02; mostly
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Table 2 . Mean densities/0.5 m2 (±1 SE) of nontarget, beneficial arthropods found by vacuum-suction sampling of
headland plots of spring wheat before and after (average of 5 posttreatment assessments) treatment with a
herbicide mixture or remaining untreated, Hampshire, 1988 (an alysis conducted on transformed data log 1 0 [n+ 11).
Pretreatment
Posttreatment
Without
With
Without
With
herbicide
herbicide
Chick-food item
herbicide
herbicide
t6
t6
Total chick-food items

2 .60
±0.36

2 .80
±0. 5 1

0.28

29 .90
±4.09

68.60
±1 1 .67

3 . 1 38

Tenthredinidae larvae

0.20
±0. 1 3

0.10
±0.06

1 .06

1 .80
±0.27

2 . 00
±0.44

0.43

0.0

0.0

0.30
±0.05

0.60
±0. 1 5

0.22

Ch rysomelidae

1 . 10
±0.33

1 .10
±0.53

0.04

4.00
±0.38

9.90
±3 .77

1 .57

Heteroptera

0.10
±0 . 1 0

0.10
±0. 1 0

0.01

10.40
±1 .97

36.00
±6.73

3 .65b

Lepidoptera larvae

P < 0.05:
bp < 0.02.
8

Calocoris spp.) were found on untreated plots
(Table 2) .
Other chick-food insect groups such as the lar
vae of Lepidoptera and Tenthredinidae were
generally found in higher numbers in untreated
plots. However, these groups were found in low
numbers and did not differ significantly between
treatments plots (Table 2) . Chrysomelidae were
found on untreated plots at mean densities twice
as great as those found on areas treated with
herbicides, although these differences were not
significant (Table 2) .
In the winter wheat trial, average insect den
sities were over twice as great in Conservation
Headlands compared to m atched headlands that
w ere fully sprayed (P < 0.02; Table 3). The
gre a t e s t diffe r e n c e s w e re fou n d w ithin

Tenthredinidae larvae, but again densities were
very low. It is worth noting that in both experi
ments conducted in 1 988 no insecticides were
u s e d to con trol a p h id p e s ts during the
spring/summer period. If they had been used,
chick-food insect densities on sprayed headlands
would have been severely reduced, exacerb ating
between-treatment availabilities of these vital
chick-food insects to foraging chicks.

Game B i rds
Brood Counts.--In replicated experiments con
ducted using either the randomized block design
(Hampshire) or paired block design (eastern cou n
ties) , the increased provision of insect resources
in cereal fields surrounded by selectively sprayed
headlands led, in most cases, to significantly

Table 3. Mean den sities/0.5 m 2 (±1 SE) of a between-field comparison of chick-food insect groups collected by
vacuum suction sampling on matched pairs of winter wheat headlands either fully sprayed with the normal
complement of pesticides or receiving pesticide applications stipulated under guidelines for Conservation Head
lands, Hampshire, 1988 .
Fully sprayed
Conservation
headlands
Headlands
ts
n=9
n=9
p
3.2
1 5.60 + 2 .20
37.40 + 3 .40
<0.02
Total chick-food items
Tenthredinidae larvae
0.09 + 0.02
0.60 + 0.08
2.0
NS
1 .6
1 . 70 + 0.30
0.40 + 0.02
NS
Chrysomelidae
Hemiptera (Heteroptera and
3.4
14.80 + 2 . 1 0
<0.01
34 . 70 + 3.10
selected Homopterans)
0.8
0.20 + 0.04
NS
0.30 + 0.03
Carabidae
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Table 4 . Mean gray partridge brood sizes (±1 SE) on blocks of cereal fields with sprayed and selectively sprayed
headlands in Hampshire and eastern UK (from Rands 1985, 1986, Sotherton et al. 1989).
Ring-necked pheasant
Gray partridge
mean (±1 SE) brood size
mean (±1 SE) brood size
Sprayed
headlands

Selectively sprayed
headlands

(n)

p

(n)

(n)

(n)

p

1983
1984
1985
1 986
1 984

4 . 7 ± 1 . 1 (39)
7.5 ± 0.8 (34)
3.3 ± 0 .7 ( 9)
5.9 ± 1 .6 ( 1 7)
4. 7 ± 0.4 (7 1 )

8.4 ± 1 .2 (29)
1 0 0 ± 0 .6 (34)
5.7 ± 0.8 (14)
6.2 ± 1 .0 (2 1)
7 . 8 ± 0 . 6 (57)

<0.010
<0.0 1 0
<0.050
NS
<0.001

3.2 ± 0 . 5 (18)
3.0 ± 1 .0 ( 3)
2.0 ± 0.5 ( 8)

6.9 ± 0.5 (29)
4 .6 ± 0.6 ( 8)
5.9 ± 0.7 (10)

<0.001
<0.050
<0.010

1985
1986

2 . 7 ± 0.4 (19)
4 .8 ± 0.6 (32)

4 .0 ± 0.7 (19)
8.7 ± 1 .5 ( 6)

<0.050
<0.001

2.6 ± 0.3 (30)
3.4 ± 0.6 (14)

3.7 ± 0.4 (35)
3.5 ± 0.7 ( 6)

<0.010
NS

Study area

Year

Principal
study
farm
(Hampshire)b

Eastern

UK"

Sprayed
Selectively sprayed
headlands8
headlands

8

Sprayed headlands = areas of crop edge receiving full pesticide inputs; selectively sprayed headlands =
areas of crop edge only receiving selective pesticides approved under Conservation Headlands guidelines.
b
Pooled data from each block/treatment on the farm .
cPooled data from each block/treatment/farm.

greater mean brood sizes in gray partridges and
pheasants (Table 4), com pared to those in
equivalent blocks of cereal fields that had been
fully sprayed.
In 1986 it appeared that fundamental changes
in the use of newly permitted herbicides within
guidelines for pesticide use on Conservation
Headlands were responsible for the small be
tween-treatment differences in mean brood size
in Hampshire. As a result, these newly-permitted
herbicides reduced weed densities below that ex
perienced in previous seasons. At the same time,
spring weed control in fully sprayed blocks did not
occur because of excessively wet spring weather.
This resulted in those fully sprayed headlands

becoming excessively weedy compared to previous
years. The within-farm , within-season differen
tial in weed density was not as great as in pre
vious experimental years, which led to decreased
differences in brood sizes. As a result of these
experiences, such residual, broad-spectrum her
bicides are now specifically excluded from the
guidelines (Table 1). From 1987 to 1990 in less
controlled experimental design s, brood sizes of
both species were consistently higher where birds
could exploit the resources of Conservation Head
lands (Table 5).
In similar experiments in Sweden in 199 1 ,
mean brood size and chick survival rates of gray
partridges were higher on farms employing Con-

Table 5. Between-farm comparisons on farms in eastern UK of average mean brood sizes (chicks/brood) of gray
partridges and pheasants (1 987-90) of selectively sprayed headlands with those fully sprayed (no. of farms).
Gray partridge
Ring-necked pheasant
Year

Sprayed
headlands8

Selectively sprayed
headlands

Sprayed
headlands

1987

4.0 ( 7)

7. 1 ( 8)

2.2 (4)

1988

4.4 ( 7)

6.2 ( 8)

1989

5 . 1 ( 9)

7.3 (1 1)

3.0 (9)

3.2 (1 1)

1990

4.1 (1 5)

4.4 (10)

3.0 (3)

3.0 ( 5)

Selectively sprayed
headlands
3.2 ( 4)
no data

8

Sprayed headlands = areas of crop edge receiving full pesticide inputs; selectively sprayed headlands =
areas of crop edge only receiving selective pesticides approved under Conservation Headlands guidelines.
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servation Headlands (4.6 ± 1.4 chicks/brood; n =
10 farms; 26.3% chick survival rate [CSR]) com
pared to farms that were fully sprayed (2. 3 ± 1.5;
n = 4; 10.8% CSR) but these differences were not
sig n ificant. Similar trends were found for
pheasants on fa rms with Conservation Head
lands (4. 1 ± 1 . 4 chicks/brood; n = 7; 38. 7% CSR)
compared to farms that were fully sprayed (2.5 ±
1 . 3; n = 6; 20.2% CSR), but again differences were
not significant (P. A Chiverton, pers. commun.).
When data were expressed as percentage chick
survival using the formula of Potts (1986), rates
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of survival were always higher on farms in the
eastern UK employing Conservation Headlands
(fable 6, Fig. 1). Potts also calculated the mini
mum annual rate of chick survival necessary for
a population of partridges to maintain itself as
30%. During 8 years of monitoring, in only 1 year
was this minimum rate achieved on the fully
sprayed farms. In contrast, on farms using Con
servation Headlands, in 5 of 8 years chick survival
rates exceeded this minimum and in some cases
reached the rate of survival found in the UK in
the prepesticide era (Potts 1986).

Table 6. Gray partridge chick survival rate on selected farms in East Anglia, comparing Conservation Headlands
with fully sprayed areas . Chick survivals are percentages with 1 SE.
Fully sprayed
No. of farms
Conservation Headlands
Year
1984
1985
1986
1987
1988
1989
1990
1991

8
8
9
11
12
9
20
18

27.0 ± 0.8
13.2 ± 1.1
27.8 ± 1.9
21.9 ± 1.9
24.9 ± 4.2
30.2 ± 2.5
22.8 ± 2.2
18.4 ± 1.1

52.0 ± 1.9
22.0 ± 2.3
59.9 ± 6.2
46.1 ± 3.2
38.7 ± 6.1
48.0 ± 7.5
24.6 ± 3.7
21.2 ± 1.9

Average

12

23.3 ± 1.9

39.1 ± 5.3

12.5

62.5

Percentage of years
above 30% minimum
recovery rate

80
• 1986
1984
•

60

. 1987
. 1988

40
20

• 1989

NO EFFECT

•

0 �----------------.---------�-30
40
50
0
20
10
% CHICK SURVIVAL, SPR AYED HEADLANDS

Fig. 1. Effect of Conservation Headlands on gray partridge chick survival in the eastern UK (1984-91).
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Table 7. Mean survival, movement, and home range size (±SE) of 7 radio -tagged gray partridge broods in the
sprayed and selectively sprayed blocks (spring barley fields only), principal study farm, Hampshire, 1984 (from
Rands 1986 .
Selectively sprayed headlands
Fully sprayed headlands
(3 broods; 43 chicks)
(4 broods; 40 chicks)
97.7 ± 2.3 <0.05
59.6
±
12.0
Survival to 2 1 days (%)
Mean distance between
43.5 ± 1 . 7 <0.05
1 02.3 ± 14.6
successive roost sites (m)
Home range size
0.8 ± 0.5 NS
(ha; max. polygon area)
2.2 ± 0.8
Proportion of home range
26.6 ± 0.8 <0.05
12.6 ± 3.8
including headland (%)

Radio-tagging. -Gray partridge broods feeding
in spring barley fields with selectively sprayed
headlands had higher survival than broods in
fully sprayed fields. Broods moved less between
successive roost sites, and their home ranges were
smaller where they included areas of Conserva
tion Headlands. The proportion of headland
within the home range also increased where the
home range included Conservation Headlands
(Table 7). Chick survival to 2 1 days has previously
been shown to be significantly negatively corre
lated to mean distance between successive roost
sites (r = -0.60, 1 5 elf, P < 0.0 1 ; Rands 1986).
In preliminary studies of radio-tagged female
pheasants conducted in 1988, mean chick sur
vival rate to 10 days old of broods reared close to
Conservation Headlands was 39% (mean of 7
broods). In equivalent fully sprayed areas, mean
chick survival rate to this age was only 25% (mean
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of 3 broods; Coates 1988), but differences were not
significant.
Chick Fecal Analysis.-Following a multiple
stepwise regression, there was a significant posi
tive rela tionship between percentage gray
partridge chick survival per brood to 2 1 days old
and the p ro p o rtion
(percentage) o f
Tenthredinidae larval and Chrysomelidae adult
and larval fragments in the total arthropod frag
ment composition of chick fecal samples collected
from gray partridge roost sites (r = 0. 78, 7 elf, P <
0.05; Fig. 2A). There was also a positive relation
ship between percentage chick survival per brood
(to 2 1 days old) and the collective total proportion
(percentage) of Tenthredinidae larvae and
Heteropteran and Staphylinidae larval frag
ments in the total arthropod fragment composi
tion of chick fecal samples from pheasants (r =
0. 74, 20 elf, P < 0.002; Fig. 2B).

c

20

<ii

0

cu

�

40

60

Proportion of larval Tenthredinidae and
Chrysome/idae fragments in diet

80

B

••
•
• •
•
••
•
0

•

•

•

20

• •
•

•

40

60

80

Proportion of Heteroptera, larval Tenthredinidae
and larval Staphylinidae fragments in the diet

Fig. 2. The effect of an increasing proportion of preferred arthropod food items in the diet of (A) gray partridges
and (B) ring-necked pheasants on chick survival to 21 days old (data derived from radio-tagged females and analysis
of chick feces collected from roost sites).
111

National Quail Symposium Proceedings, Vol. 3 [1993], Art. 33
Indirect Pesticide Effects on Game Birds-Sotherton et al.

99

14
12
�
�
�
,-;

�

IO
8

6
4
2
0

1980

1982

YEAR

1984

1986

1988

Fig. 3. Changes in gray partridge spring breeding density before (1979-83) and after (1984-88) introducti�n of
selective pesticide application to cereal field headlands on the principal study farm m 1983, together with a
predicted estimate of breeding densities without headland pesticide manipulation (1984-88).

Spring Pair Counts.-Longer term consequen
ces of Conservation Headlands on the principal
study farm were to increase the breeding stock of
gray partridges (Fig. 3). E xperiments began on
the farm in 1983 when spring breeding density
had reached 4 and 5 pairs per km 2. Game records
on this estate have been kept since the last cen
tury and the immediate post-war density of gray
partridges was recorded at about 18 pairs per
km 2. In the intervening years densities had fallen
on the farm to the low levels observed before our
experiments began. This decline followed the na
tional rate of decrease in abundance reported
earlier and elsewhere (Potts 1 986). Spring density
rose from abou t 4 pairs in 1983 to 8 in 1984 and
continued until 1986 to peak at 1 1 . 7 pairs per
km 2. Data collected over the same period showed
that such increases were not observed on other
estates in the vicinity (Sotherton et al. 1989).
However, after 1986, densities of spring pairs
fell back to about 7 pairs per km2 . It is possible
that increasing partridge densities contributed to
increased rates of predation which are known to
operate in a density-dependent manner (Potts
1986), and this slight decline in abundance coin
cided with seasons in which cold wet spring/sum
mer weather led to generally low levels of chick
survival.
Computer simulations of spring breeding den
sity in the absence of Conservation Headlands,

based on rates of chick survival in these poor years
and initial increases in predator pressure were cal
culated. These revealed that the fall in spring den
sity could have been far greater without the
cushioning effects of these management techniques
to alleviate pesticide pressures on the food chain (G.
R. Potts, unpubl. data; Fig. 3).

CONCLUSIONS
The production of a huntable surplus of wild
game birds in the agricultural landscapes of the
UK depends on successful management of 3 es
sential aspects of their biology. This paper has
summarized research efforts which have ad
dressed 1 of these essential features: the produc
tion of adequate chick-food insects to increase
chick survival. The Conservation Headlands tech
nique has been a successful solution to the prob
lem of pesticides and their negative impacts on
nontarget organisms in game-bird chick-food
chains. However, Conservation Headlands alone
cannot be considered all that is necessary to in
crease population densities. The other 2 essential
features must also be considered. These are the
provision of adequate amounts of quality nesting
cover and, by legal control of predators, protection
of eggs and incubating females during the nesting
season. Only by provision of all of these elements
will sustainable wild game-bird production be
achieved.
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In Europe, problems of production of farm com
modities have recently emerged, whereas they
have been a part of land management in North
America for over 40 years. Before considering
management of diverted land for wild game, re
quirements for nesting cover and refuges from
predation and brood rearing must be known. In
the UK brood-rearing areas have 3 essential fea
tures. They need to be rich in insects within a
canopy of vegetation, and that vegetation must
not be too dense or moisture-retentive to be either
impenetrable for small chicks or a hostile environ
ment in wet weather. Small grain cereal fields
with low agrochemical inputs provide these struc
tural and biological features, making them ideal
brood-rearing areas. If set-aside land or land in
corporated into longer term con serva tion
programs is to be managed for game birds, the
value of land sown with native grasses or exotic
crops (alfalfa, sainfoin, etc.) has to be assessed.
That former arable land sown with grasses or left
fallow to regenerate its own flora will provide
nesting cover could probably be accepted. That
such areas will provide good brood cover is much
less certain and requires the urgent attention of
our rese�rch efforts. Preliminary estimates have
been made of rates of chick survival of broods
reared on set-aside land and compared with rates
from conventional cereal crops and cereal crops
surrounded by Conservation Headlands. Results
obtained in 199 1 (an exceptionally poor year for
gray partridge chick survival in the UK) , showed
7.9% survival on set-aside land with an average
mean brood size of 2.0 ± 0.6 chicks. This compared
with a rate of survival between 18 and 2 1 % in
cereal crops where mean brood sizes averaged 4.9
chicks.
We encourage farmers to grow low input crops
of small grain cereals containing abundant food
resources for chicks. In the UK, almost all cereal
fields receive annual applications of herbicides,
insecticides, and fungicides (Rands et al. 1988).
For example in 1 990, in England and Wales 74%
of all wheat crops received an application of an
insecticide, 97% an application of a fungicide, and
98% an herbicide. The average wheat crop was
sprayed 4 . 4 times using an average of 8.0
products, and 9.8 active ingredients (Davis et al.
1991). In North America, pesticide inputs are far
lower as are corresponding yields, and as such the
adverse side-effects may be less apparent. To rec
tify the problem in Europe, we recommend adopt
ing more extensive methods of production such as
lower inputs of agrochemicals (pesticides and in
organic fertilizers), the return to spring drilling,

and the adoption of greater use of temporary
grassland in the arable rotation (3 years) to avoid
cereal monocultures. In North America, if pes
ticides are shown to be a problem, this would
mean changing regulations concerning the com
pliance monitoring of annual set-aside programs
to better fit in sympathetically with game-bird
chick phenology; for example the use of oats as a
cover crop which must be plowed in before an
arbitrary date. Such a solution demonstrably
helps game, reduces surplus, and also helps
answer the socioeconomic consequences of not
keeping farmers farming.
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weight of an individual invertebrate was deter
mined for each order, within each ccwer planting ,
and for each time interval by cumulatively weigh
ing all of the invertebrates within that group and
dividing by the number of individuals being
weighed.Biomass of each invertebrate order was
calculated for each sample by multiplying the
number of individuals of that order in the sample
by the mean order- specific weight per individual
during that time interval, in that ewer planting.
We used the mean number of invertebrate orders
per sample as an index to invertebrate diversity.
Invertebrate abundance and biomass data
from 1990 and 1991 were analyzed separately
because we did not sample all of the same
fields in both years. Furthermore, we observed
differences in overall invertebrate abundance
between years that may have been due to dif
ferences in precipitation patterns . Counts of
invertebrates per sample were square-root
transformed to improve normality and reduce
heteroscedascity (Sokal and Rohlf 1981:423) .
Transects within a field were treated as sub
samples ; fields were treated as replicates . We
used 2-way ANOV A to test for main effects of
sampling week and cover planting on total
invertebrate biomass and abundance , and
biomass and abundance in 5 selected orders
reported to be important bobwhite chick foods
(Handley 1931, Hurst 1972 , Jackson et al.
1987). We used Tukey's HSD multiple com
parison to test for differences among treat
ments (week or cover planting) following a
significant (P < 0.05) AN OVA F-test (Day and

Quinn 1989).This test controls experiment-wise
error rate at alpha = 0.05.

RESULTS

Sampling periods by covertype interactions
were generally not significant for invertebrate
abundance (1990: F = 1.77, df = 18, P = 0.11; 1991:
F = 1.46, df = 18, P = 0.21), biomass (1990: F =
4.31, df = 18, P = 0.0009; 1991: F = 1.12, df = 18,
P = 0.39), or diversity (1990: F = 1.72, df = 18, P =
0.12; 1991: F = 0.79, df = 18, P = 0.69); therefore,
we report only main effects.
We observed differences among sampling
periods for 1990 and 1991 in total invertebrate
abundance (1990: F = 8.62, df = 3, P = 0.0006;
1991: F= 4.42, df = 3, P = 0.01), diversity (1990:
F= 8.83, df = 3, P = 0.0006; 1991: F= 3.06, df= 3,
P = 0.05), and biomass (1990: F = 17.17, df = 3, P
= 0.0001; 1991: F = 3.07, df = 3, P = 0.05). Inver
tebrate abundance, biomass, and diversity varied
widely across sampling periods during 1990 and
1991. In both years , invertebrate abundance,
biomass, and diversity were lowest during early
August (Table 1).
In both years, total invertebrate abundance
differed among cover plantings (1990: F = 12.44,
df = 6, P = 0.0001; 1991: F = 7.19, df = 6, P =
0.0003) and was greatest in red clover (Table 2).
Soybeans had the lowest numbers of inver
tebrates, although not significantly so in 1991.
Homopterans were the most common inver
tebrate during both years.
During 1990 and 1991, total invertebrate
biomass differed among ccwer plantings (1990: F

Table 1 . Mean 8 relative invertebrate abundance, biomass (mg) , and diversity in Conservation Reserve Program
fields in northern Missouri during 1 July-22 August 1990-9 1 .
.
.
S amp1mg pe nodb
3
4
1
2
1990
36.7 D
77.9 C
1 30.8 Ad
1 07.7 B
Abundance C
e
4 1 .5 C
53.9 C
133 . 1 A
72.3 B
Biomass
6.5 B
7.6 A
Diversity f
6.6 B
7.5 A
1991

Abundance C
Biomasse
.
D"1vers1tyf

63 .9 A
48.4 AB
6.9 AB

46.2 B
5 1 .2 A
6.5 BC

32.6 B
25.2 C
6.2 C

65.8 A
39.5 B
7.1 A

Means computed across 7 cover plantings, 4 fields/cover plantin g, and 3 D-Vac subsamples/field; n = 84.
bPeriod 1: 1 -7 July; period 2: 15-22 July; period 3: 1 -7 August; period 4 : 1 5-22 August.
c Mean number of invertebrates/sample .
d Means within rows with the same letter are not diffe rent, Tukey's HSD, P > 0.05.
e
Mean invertebrate biomass (mg)/sample .
f Mean number of invertebrate orders/sample .
8
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Table 2 . Mean a number of invertebrates/sample in 6 Conservation Reserve Program cover plantings and soybean
fields in northern Missouri1 1 Jul_y-15 August 1990-91 .
Cover plantings

Year

Order

Red
clover

Warmseason
grass

Orchardgrass/
les2edeza

Tall
fescue

Timothy

Orchardgrass

Soybeans

1990 Homoptera
Hemiptera
Orthoptera
Coleoptera
Diptera
Totat

1 09.0 Ab
10.7 A
1.2 C
18.4 A
61.0 A
226.8 A

35.7 B
4.4 B
l .0 C
10.9 B
27.4 B
93.7 B

13.5 DE
3.7 BC
2.4 B
4.0 C
12.0 D
53.9 CD

39.9 B
0.7 D
3.4 B
3.1 C
12.6 DE
68.2 BCD

24.7 C
3.9 BC
5.6 A
5.0 BC
32 . 1 BC
8 1 .3 BC

16.7 CD
2.7 C
3.1 B
2.6 CD
15.6 CD
49 . 1 D

8.3 E
4 . 2 BC
0.9 C
0.6 D
4.4 E
20.8 E

199 1

43.7 A
1 1 .2 A
2.5 A
24.6 A
12.5 A
1 05.9 A

30.6 A
4.7 B
1 .4 A
3.0 DE
8.4 AB
73.2 B

12.4 B
2 . 0 CD
1 .4 A
1 1 .2 B
14.2 A
58.7 B

7.6 BC
0.6 D
1 .8 A
5.7 CD
4 . 7 BC
37 . 3 C

6.2 C
3.5 BC
1 .8 A
7.2 BC
2.7 C
32 .4 C

8.3 BC
2.0 CD
1.7 A
10.6 BC
4 .2 C
35.3 C

8.4 BC
2.4 BC
0. 1 B
0.9 E
10.0 A
25. 1 C

Homoptera
Hemiptera
Orthoptera
Coleoptera
Diptera
Totat

a Means computed across 4 sample periods, 4 fields/cover planting, and 3 D-Vac subsamples/field; n = 48.
Means within rows with the same letter are not different, Tukey's HSD, P < 0.05.
c
Total n umber of invertebrates/sample, summed across all orders.

b

Table 3 . Mean a invertebrate biomass (mg)/sample in 6 Conservation Reserve Program cover plantings and soybean
fields in northern Missouri1 1 Jul_y-15 August 1990-91 .
Cover plantings

Year

Order

1 990 Homoptera
Hemiptera
Orthoptera
Coleoptera
Diptera
Totalc
1991

Homoptera
Hemiptera
Orthoptera
Coleoptera
Diptera
Totaf

Red
clover

Warmseason
grass

Orchardgrass/
les2edeza

Tall
fescue

96. 1 Ab
22.5 A
16. 1 BC
8.9 A
7.5 AB
178.2 A

24.5 C
7.8 B
6.3 C
9.3 A
5.5 BC
6 1 . 3 BC

10.3 DE
6.0 BC
16.3 BC
2.3 B
2.1 D
44 . 1 CD

50.5 B
0.7 D
25.7 AB
0.8 B
1.7 D
84.7 B

23.3 CD
6.7 BC
34 .2 A
2.2 B
8.9 A
86 .4 B

15.6 CDE
2.0 CD
32.0 A
I.O B
2 . 3 CD
56 . l C

3.8 E
4 . 1 BCD
7.8 C
1 .8 B
1 .3 D
22.3 D

19.7
7.4
7.9
2.1
1.7
50.3

9.8 C
2 . 3 CD
10.4 B
5.2 B
2 .6 AB
39.2 BC

9.0
0.5
1 1 .3
1 .5
0.6
34. 7

6. 1 C
7.0 BC
10. 1 B
2 . 7 BC
0.8 CD
35.4 BC

8.2 C
1.4 D
10.6 B
3.4 BC
0.7 CD
27.0 CD

3.1 C
1 .8 D
0.4 C
1.3 C
2.8 A
12.3 D

28 . 4 A
1 7 .6 A
23.2 A
1 1 .6 A
1 . 6 BCD
90.4 A

B
B
BC
BC
BC
B

C
D
B
C
D
BC

Timothy

Orchardgrass

Soybeans

a Means computed across 4 sample periods, 4 fields/cover planting, and 3 D-Vac subsamples/field; n = 48.
Means within rows with the same letter are not different , Tukey's HSD, P < 0.05 .
c
Total i nvertebrate biomass (mg)/sample, summed across all orders.

b

116

Church and Dailey: Full Issue
1 06

Quail III

Table 4. Mean 6 number of invertebrate orders/sample in 6 Conservation Reserve Program cover plantings and
soybean fields in northern Missouri, 1 July-15 August 1990-91.
Cover plantings
Year

Red
clover

Warmseason
grass

Orchardgrass/
lespedeza

Tall
fescue

1990

7.9 Ab

7.6 AB

7.1 B

7.3 AB

1991

7.1 ABC

6.9 ABC

7.5 A

6.7 BC

6
b

Orchardgrass

Soybeans

7.2 A B

6.8 B

4.9 C

7.4 AB

6.4 C

4.8 D

Timothy

Means computed across 4 sample periods, 4 fields/cover planting, and 3 D-Vac subsamples/field; n = 48.
Means within rows with the same letter are not different, Tukey's HSD, P < 0.05.

= 1 1 . 52, df = 6, P 0.000 1 ; 1 99 1 : F= 7.5 1 , df= 6, P

= 0.0002) and was greatest in red clover plantings
and lowest in soybean fields (!'able 3).
Invertebrate diversity differed among cover
plantings in both years (1990: F = 1 3.64, df = 6, P
= 0.000 1 ; 199 1 : F = 8.05, df = 6, P = 0.000 1).
Soybean fields had the lowest invertebrate diver
sity (!'able 4).

DISCUSSION

Herbaceous vegetation available in CRP fields
may provide quality habitat for upland game
species in intensively farmed areas. Most studies
focusing on the habitat value of the CRP (Farmer
et al. 1 988, Hays et al. 1989) and earlier federal
cropland diversion programs (Joselyn and War
nock 1964, Edwards 1984, Bemer 1988) have
discussed the value of these programs in terms of
nesting and winter habitat for wildlife. Burger et
al. (1990) suggested that vegetative structure in
Missouri CRP fields could be conducive to
bobwhite brood foraging. Structure only partially
determines brood habitat quality; invertebrate
abundance is a primary determinant of brood
habitat quality (Hurst 1972, Jackson et al. 1987).
We observed that abundance, biomass, and diver
sity of selected invertebrates tended to be greater
in CRP plantings than in conventionally-tilled
soybeans. This suggests that CRP fields could
provide brood habitat superior to that available
in rowcrops if structural characteristics are also
consistent with brood foraging needs.
Burger et al. (1990) further suggested that the
potential value of CRP fields as brood habitat
could differ among cover plantings and manage
ment practices. We observed differences in inver
tebrate abundance and biomass among different
CRP cover plantings with the highest insect abun
dance and biomass in red clover. The importance

of legumes in producing invertebrates has been
suggested by others (Stoddard 1963, Jackson et
al. 1987). Webb (1963) observed higher inver
tebrate density in clover than in native grasses.
Dunaway ( 1976) reported greater abundance and
biomass of invertebrates in kobe lespedeza
(Lespedeza striata) strips than in native
grass/forb communities in pine (Pinus spp . )
forests. In 1 of 2 years, Jackson e t al. (1987)
observed higher abundance and biomass of
coleopterans in fertilized kobe lespedeza fields
than in old fields or fertilized old fields. Others
have recommended the inclusion of legumes in
plantings as a means of improving brood habitat
quality for selected galliforms (Whitmore et al.
1986). Our findings suggest that the addition of a
legume component to grass plantings on CRP
acres may increase invertebrate abundance and
biomass, thereby improving brood habitat quality
for bobwhite.
· Nelson et al. ( 1990) reported that dense
monotypic stands of switchgrass and mixed
warm-season grass plantings had lower inver
tebrate abundance and biomass than cool-season
grass plantings. Furthermore they suggested that
the structure of warm-season grass plantings was
less conducive to brood foraging needs. They con
cluded that " . . . native warm-season grasses, com
monly recommended as nesting cover for
pheasants and waterfowl, do not provide quality
brood-rearing habitat for game bird chicks" (Nel
son et al. 1990: 1 10). In contrast, we observed
relatively high invertebrate abundance and
biomass in 2-5 year old CRP fields planted to
warm-season grass, typically being exceeded only
by red clover plantings. The differences in their
findings and ours may be related to age of plant
ings, diversity of annual weeds, and management
practices. We believe that diverse (weedy) warm-
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season grass plantings can provide habitat struc
ture and invertebrate populations consistent with
bobwhite brood foraging needs.
Many studies have suggested that galliform
chicks selectively feed on certain groups of inver
tebrates. Beetles (Coleoptera), leafhoppers
(Homoptera), true bugs (Hemiptera), flies (Dip
tera), and small grasshoppers and crickets (Or
thoptera) have all been reported to be "preferred"
foods in the diets of galliform chicks (Handley
193 1 , Hurst 1 972, Healy et al. 1985, Whitmore et
al. 1986, Erpelding et al. 1987, Jackson et al.
1987). These orders commonly occurred in inver
tebrate samples from the grass and grass/legume
habitats that we sampled. Relative abundance of
invertebrates in these 5 orders was typically
lower in soybean fields than in any of the CRP
plantings that we studied.
We also observed greater diversity of inver
tebrate orders in CRP fields than in soybean
fields. Such invertebrate diversity could provide
a buffer a ga inst short-term environm ental
change and provide a more reliable food base for
galliform chicks than that occurring in rowcrop
monocultures.
In intensively cultivated portions of the Mid
west, both the quality and quantity of brood
habitat may limit brood survival and upland bird
populations (Warner et al. 1984, Enck 1987, Nel
son et al. 1990). In northern Missouri, CRP fields
do provide structural characteristics (Burger et
al. 1990) and invertebrate densities consistent
with brood foraging needs and can provide brood
habitat superior to that available in croplands.
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DETERMINATION OF TRUE METABOLIZABLE ENERGY CONTENT OF
BOBWHITE FOODS
M . E. SPURLOCK, 1 Department of An i m al Sciences, Un ive rsity of M issouri , Col u m bia, MO 652 1 1

J.

E. SAVAGE, De partment of An i mal Scie nces, Un ive rsity of M issouri, Colum bia, MO 652 1 1

Abstract: True metabolizable energy (TME) and nitrogen-corrected true metabolizable energy (TME n) bioassays
were used to determine available energy content of several northern bobwhite (Colinus virginianus) foods. A
proximate analysis and trypsin inhibitor (TI) activity were also determined for each food. Corn (Zea mays) was
found to contain the highest amount of TMEn (4.37 kcal/g dry matter) compared with Fayette soybeans (Glycine
max; 3.93 kcal/g), Korean lespedeza (Kummerowia stipuki.ceae; 3.73 kcal/g), Marion lespedeza (K. striata; 3.71
kcal/g), tick-trefoil (Desmodium spp.; 3.51 kcal/g), and wild trailing (WI') soybeans (3.24 kcal/g). The higher TMEn
value of corn was attributed to its high digestible carbohydrate content and lack of appreciable TI activity.
Key words: bobwhite, corn, lespedeza, metabolizable energy, nutrition, soybeans, tick-trefoil, trypsin inhibitor.
Citation: Spurlock, M. E.and J. E. Savage. 1993. Determination of true metabolizable energy content of bobwhite
foods. 1993. Pages 109-114 in K. E. Church and T. V. Dailey, eds. Quail III: national quail symposium. Kansas
Wildl. and Parks, Pratt.

Habitat improvement, in particular estab
lishment and maintenance of food plots, is an
important management practice employed by
wildlife conservationists to help sustain game
bird populations at desirable levels. However, in
such programs only the most suitable feedstuffs
are usually planted to provide foods in winter. For
several years , a food plot mix distributed by the
Missouri Department of Conservation to land
owners for habitat improvement plantings con
tained a strain of reseeding annual soybeans, the
WT soybean. However, higher costs are en
coun tere d in the production of WT strain
soybeans for seed, and only limited information is
available on their nutritional value. Since over
wintering of viable seed is such a desirable char
acteristic for wildlife food plot plantings, we
thought information on the nutritional content of
WT soybeans would be helpful in appraisals of
their potential value as a component of food plot
mixes for bobwhite. Since energy is the most criti
cal need during winter, determining the metabo
lically available energy content of WT soybeans
and relating it to their nutrient composition was
the primary objective of the study. For compara
tive purposes, similar nutrients were measured in
5 other foods consumed in appreciable quantities
by bobwhite during winter months.
Apparent metabolizable energy (AME) values
of foods are typically determined by subtracting
gross excreta energy (EE) from energy consumed
(NRC 1966, Sibbald 1977). In the AME procedure
1Present address: Purina Mills Inc., St. Louis, MO
63144.

no correction is made for EE of endogenous origin
such as bile, digestive secretions, abraded cells
from the alimentary mucosa, uric acid, and other
products of tissue catabolism (Sibbald 1977).
Sibbald (1976) used chickens to devise a biologi
cal assay, the TME assay, in which a fasted con
trol is used to quantify the endogenous portion of
the EE. Fundamental to development of the TME
assay was the recognition that EE is a linear
function of food intake and the intercept of the
regression line on the ordinate axis represents
endogenous EE (Sibbald 1982).
The TME assay involves gavaging a previously
fasted experimental bird with a weighed quantity
of the test food then quantitatively collecting ex
creta over a sufficient period of time to allow
digestion of the food and excretion of its indigest
ible fraction. The endogenous portion of the EE is
determined via the fasted control and is sub
tracted from EE of the fed bird. Therefore, the
error induced by inclusion of endogenous EE, as
in the AME assay, is eliminated. This is of greater
significance at low levels of food intake because
the endogenous EE constitutes a larger propor
tion of the total EE at low intake levels (Guil
laume and Summers 1 970). Sibbald and Price
( 1975) measured the variation in AME values of
2 foods and reported that values varied from day
to day in a "saw-tooth" manner. Fluctuating food
intake was suggested to be the most probable
explanation for the variation.
Advantages associated with use of the TME
bioassay over the traditional AME scheme are
numerous. Reductions in variation, costs and
labor requirements, shorter determination times,
and use of a smaller quantity of food are the major
120
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advantages of the TME system (Sibbald 1977).
Furthermore, feeding via gavage assures an exact
measure of food ingested and reduces errors as
sociated with ad libitum feeding.
Nitrogen corrected TMEn values are calculated
by adj usting EE to reflect a zero nitrogen balance.
This is of particular importance in the TME assay
where food intake is limited, thus increasing the
rate of tissue protein catabolism (Parsons et al. ,
1982). A correction factor of 8. 7 3 kcaVg nitrogen
excreted was suggested by Titus et al. ( 1 959) as
best re presenting energy content of the
nitrogenous excretory products of the chicken.
Sibbald and Morse (1983) reported that TMEn
values were 6-7% less than corresponding TME
values. Nitrogen correction reduced EE of the
unfed controls by 56%. Also, the variation in
TMEn values was less than when nitrogen balan
ces of fed and fasted bobwhite were not equi
librated.
Objectives of the research described herein
were to: (1) determine if TME and Tl\1En bioassay
techniques (gavaging, short assay periods, etc.)
could be used in the bobwhite to establish ME
values of selected foods and (2) compare TME and
Tl\1En values determined with nutrient composi
tion and TI activity present in these foods.
We are grateful to Dr. Paul R. Beuselinck, U.S.
Department of Agriculture-Agricultural Re
search Service, University of Missouri, for provid
ing the Marion lespedeza and to Mr. John Lewis,
Missouri Department of Conservation for the WT
soybeans used in these studies.

METHODS

Foods assayed included corn, Fayette soybeans ,
WT soybeans (a reseeding strain developed by the
Missouri Department of Conservation), Korean
lespedeza, Marion lespedeza, and tick-trefoil.
Seeds were fed unground and the lespedezas and
tick-trefoil were dehulled.
Adult male northern bobwhite, weighing 1752 1 0 g, were housed in individual wire mesh cages,
20-cm wide x 25-cm long x 15-cm high. The room
was maintained at 24 ± 2 C temperature, 55%
relative humidity, and a 14L: 10D photoperiod.
Bobwhite were fed ad libitwn a diet containing
16% crude protein (CP) and 2,737 kcal ME/kg
during maintenance periods. A higher protein
and energy repletion diet (26% CP and 2,900 kcal
ME/kg) was fed after each assay period to ex
pedite the recovery of weight lost during the
assay. Water was continuously available.
Bioassays were conducted according to the
method described for chickens by Sibbald (1976)

Quail III
with the following modifications. Fed and fasted
bobwhite were not paired by weight since Arvat
et al. (1980) found no correlation between body
weight and EE. Instead, an average EE value was
calculated for the fasted bobwhite and used to
compute TME values. A 24-hour fasting period
was used rather than 2 1 hours, and the excreta
collection period was extended to 72 hours.
Prior to each assay, bobwhite were weighed and
randomly assigned to the fasted control or fed
groups. After a 24-hour fasting period, precision
feeding was accomplished by passing a funnel,
having a stem measuring 7.5 cm in length and 8
mm in diameter, via the esophagus into the crop.
The funnel was lubricated with water prior to
insertion into the esophagus.
A blunt glass rod was used to push the seeds
from the funnel into the crop. The few seeds larger
than the funnel opening were manually placed in
the esophagus and then pushed into the crop with
the glass rod. Care was taken to ensure that
adequate ventilation was maintained. Due to the
small size of the desmodium and lespedeza seeds ,
they were administered in gelatin capsules (No.
000) to e n s ure accurate delivery of the
preweighed quantity to the crop and to prevent
regurgitation. The fasted control bobwhite were
given an equal number of empty capsules to allow
for correction of the energy contained in the cap
sules. All birds were fed 3-5 g of test foods.
Excreta samples were stored at -7 C until
analyzed. Gross energy of the foods and excreta
samples was measured in an adiabatic bomb
calorimeter according to procedures outlined in
Oxygen Bomb Calorimetry and Combustion
Methods (Parr Inst. Co. 1960). Nitrogen content
was determined by the Kjeldahl procedure (AOAC
1984).
Proximate analyses were carried out on all
foods. AOAC ( 1984) procedures were used except
for crude fiber and ash which were determined
simultaneously by the method of Whitehouse et
al. (1945).
Trypsin inhibitor activity was assayed by the
method of Sandholm et al. ( 1976). Relative TI
contents were compared based on the most dilute
solution which contained sufficient inhibitor sic
tivity to suppress the enzymatic digestion of the
casein contained in calcium -caseinate agar
plates.
Procedures described in SAS (1982) were used
for statistical analysis. The TME and TMEn
values of foods were compared by analysis of
variance, and significant differences among treat
ment means were determined using Fisher's
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Least Significant Differences (Snedecor and
Cochran 1980).

RESULTS

The TME and TMEn bioassays were successful
ly carried out with bobwhite (Spurlock 1987).
Weight loss (data not shown) during an assay
varied from 5 to 15% of initial body weight and
was generally recovered by the end of a 14-day
repletion period. No detrimental effects were ob
served when the same bobwhite were used in
repeated assays.
As shown in Table 1 , whole corn had the highest
nitrogen free extract (NFE) content (74.9% , air
dry basis) but less protein, fat, and fiber than
other foods. Of particular interest was the higher
fiber and lower fat content of WT soybeans com
pared to the Fayette variety. Tick-trefoil con
tained substantially more fiber than did other
foods. The lespedezas were similar to the soybean
varieties in protein but lower in fat and higher in
fiber.
With the exception of corn, TI activity was
detected in all foods. The soybean varieties re
quired a dilution of 1: 16 before trypsin digestion
of the casein was apparent. Other foods showed
TI at dilutions of only 1:4. The soybean varieties

therefore have a t least a 4-fold higher activity of
TI than do the other foods.
Our initial endeavor was to demonstrate that
TME and TMEn a s s ays y ield accurate,
reproducible ME values when using northern
bobwhite. The TME and TMEn values for Fayette
soybeans and whole corn were determined in 2
different assay periods. As shown in Table 2, no
significant differences (P > 0.05) were found be
tween TME and TMEn values determined in the
first and second assays in which different
bobwhite were fed the same test foods. Differences
between ME values for assay 1 and 2 ranged from
3 to 5%, indicating that the TME and TME0
bioassays result in accurate, reproducible data.
Because it was desirable to compare TME and
TMEn values of the different feedstuffs, we felt it
was also necessary to verify that gelatin capsules
used to "administer the small tick-trefoil and
lespedeza seeds would not alter ME values ob
tained. There were no differences (P = 0.998) in
TME values (kcal/g dry matter) for corn fed as free
grain (x = 4. 72 ± 0. 12, n = 7) or encapsulated grain
(x = 4. 72 ± 0.08, n = 6). The TMEn values also did
not differ (P = 0.087) for free grain (x = 4.34 ± 0.05 ,
n = 7) and encapsulated grain (x = 4.47 ± 0.05, n
= 6). Encapsulation therefore seems to be a prac-

Table 1 . Composition of foods (% air dry basis).

Moisture
Crude protein
Crude fat
Crude fiber
Ash
NFEa
Gross energy (Kcal/g)b
a
b

Fayette
soybeans

WT
soybeans

Corn

Korean
lespedeza

Marion
lespedeza

Ticktrefoil

9.4
43.2
2 1 .3
5.6
5.7
1 4 .8
5.38

1 1 .7
48. 1
14.3
8.2
6. 1
1 1 .6
5.03

9.8
8.4
4.2
1 .4
1 .3
74.9
4 83

8.7
4 1 .3
6.7
13.l
4.2
26.0
5.14

8.0
45.5
6.3
1 4 .0
4.5
21.7
5.13

7.9
32.8
14.2
24.5
4.3
16.3
5.54

Nitrogen-free extract.
D ry matter basis.

Table 2 . Repeatability of metabolizable energy estimates for bobwhite foods.
Metabolizable energy valuesb ,c
Assay 8

n

Fayette soybeans

1
2

11

Whole corn

1
2

12
14

Food

7

TME

P=
P=

4 .26 ± 0.07
4 .44 ± 0.05
0.098
4 .48 ± 0.12
4.71 ± 0. 06
0.087

TMEn
3.89 ± 0.09
3.99 ± 0.04
0.357
4.35 ± 0.07
4.39 ± 0.04
0.629

Assay 1 and 2 means were not diffe rent for either food (P > 0.05).
Kcal/g dry matter.
cMeans ±SE.
8

b
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Table 3. True metablizable energy (I'ME) and nitrogen-corrected true metabolizable energy (I'MEn),
TMEa
Food
Whole corn
Fayette soybeans
Marion lespedeza
Korean lespedeza
Tick-trefoil
WT soybeans
8

n
26
18
8
9
10
15

TMEn
Kcal/g dry matter

4.60 ± 0.07A
4 .33 ± 0.05B
4.07 ± 0.18BC
3.89 ± 0 .14CD
3.71 ± 0 .19CD
3.51 ± 0 .07E

4.37 ± 0 .04A
3.93 ± 0 .06B
3.71 ± 0 .09BC
3.73 ± 0 . l7BC
3 .51 ± 0.20C
3.24 ± 0.04D

Values (means ± SE) in the same column with different letters differ significantly (P < 0.05).

tic al means of precision-feeding those test
materials which tend to be regurgitated or are
difficult to handle during the precision-feeding
process.
Whole corn contained the most TMEn (fable 3),
followed by Fayette soybeans, the lespedezas,
tick-trefoil, and WT soybeans. The high digestible
carbohydrate content (NFE-Table 1) of corn and
lack of any appreciable TI activity result in most
of the GE being available to the bobwhite. Meta
bolic efficiency of corn was 95 and 90% when
based on TME and TMEn , respectively. These
values are slightly higher than the 86% obtained
by Robel et al. ( 1979) but are derived after correct
ing for EE energy and nitrogen elimination.

DISCUSSION

Protein, carbohydrate, and fat fractions of a
feedstuff all contribute to its ME content, while
fiber is generally inversely related to ME, par
ticularly in monogastric species. These energy
yielding fractions and fiber are of most concern
during prolonged periods of harsh winter condi
tions.
As in the case of most legumes, the nutritional
value of the soybean and lespedeza varieties and
tick-trefoil is compromised by the presence of
trypsin and other proteinase inhibitors (Borchers
1966, Garlich and Nesheim 1966, Rackis 1966).
Robel and Arruda ( 1986) also found that despite
the high fat content of soybeans, bobwhite were
able to assimilate only a fraction of the GE con
sumed. Although we found the lespedeza varieties
to have TI activity, they contained considerably
less than the soybean varieties. The fact that the
lespedezas contained less TME and TMEn than
Fayette soybeans is probably more the result of
their high fiber and lower fat content than im
paired protein digestion.

The TI activity of the desmodium was much less
than in WT soybeans. This suggests that the high
fiber content of desmodium was responsible for its
lower ME values. Fiber is largely indigestible in
avian species and also accelerates the passage
rate of the digesta, thereby decreasing energy and
nutrient utilization (Miles et al. 198 1).
Correcting the EE of fed and fasted bobwhite
for nitrogen elimination (I'MEn assay) reduced
the TME estimate of every feedstuff. This is be
cause the quantity of the EE which is charged
against caloric intake is increased when the nega
tive nitrogen balance of fed and fasted bobwhite
is adjusted to zero. The EE is partitioned into that
of food origin and endogenous origin. In addition,
the endogenous fraction is further partitioned so
that the quantity resulting from an elevated rate
of tissue catabolism, induced by a limited caloric
intake, is identified and subtracted from the en
dogenous component. The TMEn assay therefore
yields the most accurate estimate of the available
energy content of a feedstuff because of the more
stringent partitioning of the EE.
Since nitrogen correction requires only that
food and excreta samples be an alyzed for
nitrogen , the length of time required for the TMEn
assay is not greatly increased over that required
for the TME assay. Although the absolute amount
by which nitrogen correction changes the total EE
is usually small, its importance is magnified by
the limited caloric intake. Nitrogen correction
generally reduced the mean ME values of the
feedstuffs by 5- 10% which is similar to results
obtained by Sibbald and Morse (1983).
Our studies indicate that the TMEn bioassay is
a quick, easily conducted alternative to the tradi
t ion al AME b io assay. I t yields accurate ,
reproducible estimates of the biologically avail
able energy content of bobwhite foods.
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RESEARCH AND MANAGEMENT
IMPLICATIONS

yields of domestic soybean varieties might b e con
sidered for WT soybeans if cost of their seed is the
primary limitation in their use for food plots.

As shown by Errington ( 1 936), the diet of the
bobwhite in its natural habitat is largely deter
mined by availability and abundance of various
food items. Only a small proportion of the many
foods available to them is eaten in quantity, and
a still smaller proportion qualifies as a winter
staple. As discussed earlier, no significant cor
relation between the volume of food consumed
and its energy value was observed in studies
conducted by Robel et al. (1974). They concluded
that consumption of a particular food by bobwhite
is primarily related to its availability. Based on
our studies, it is suggested that the TMEn proce
dure be used in future studies of bobwhite foods
and that prior research on this aspect of bobwhite
habitat management be reevaluated.
Since food plots for bobwhite are rarely single
species plantings, TMEn values also need to be
investigated with varying mixtures of maj or ener
gy sources. The effect of grit on the TMEn value
of whole seeds has not been established. Nestler
( 1946) reported that bobwhite receiving no grit
and a diet of whole seeds from hatching through
20 weeks of age performed as well as bobwhite fed
a similar diet plus grit for the entire period. He
concluded that seeds such as wheat, millet, milo,
soybeans, field peas, and vetch can be successfully
macerated and digested without the aid of grit.
A comparison of the ME content of WT soybeans
with that present in other foods consumed in
quantity by bobwhite during winter was the
primary objective of this study. Based on our
TMEn assays shown in Table 3, the available
energy content of WT soybeans was approximate
ly 25% less than we found in corn and 5- 1 5% less
than found in the other foods tested. These data
on TMEn content of foods analyzed will allow
wildlife habitat managers to more accurately
evaluate the relative benefits of including WT
soybeans in food plot plantings for bobwhite.
Among desirable attributes of WT soybeans other
than their energy content are overwintering of
viable seed and compatibility with other plants
which provide both food and protection from
aerial predators.
Lower seed yields are the primary reason for
elevated costs associated with production of WT
soybean seed for food plot plantings. It would
seem that agronomic research similar to that
which has resulted in significant increases in

LITERATURE CITED
Arvat, V. , J. Lyons and J. M. Vandepopuliere.
1980. A comparison of metabolizable energy
and true metabolizable energy. Poult. Sci.
59: 1579 (Abstr.).
Association of Official Analytical Chemists. 1984.
Official methods of analysis. 1 3th Edition.
AOAC, Washington, DC.
Borchers, R. 1966. Raw soybean growth inhibitor.
Fed. Proc. 24: 1494- 1497.
Errington, P. L. 1 936. Differences in nutritive
values of winter game foods. Pages 356-360 in
Wildl. Conf. Proc. , Ia. Agr. Exp. Stn. , Ames.
Garlich, J. D. and M. C. Nesheim. 1966. Relation
ship of fractions of soybeans and a crystalline
soybean trypsin inhibitor to the effects of feed
ing unheated soybean meal to chicks. J. Nutr.
88: 100- 1 10.
Guillaume, J. and J. D. Summers. 1970. Main
tenance energy requirement of the rooster and
influence of plane of nutrition on metabolizable
energy. Can. J. Anim. Sci. 50:363-369.
Miles, R. D., A S. Arfa, R. J. Bloomer and R. H.
Harms. 198 1 . The influence of certain dietary
fillers on the true metabolizable energy of diets
for turkeys. Br. Poult. Sci. 22:4 1 1 -4 1 4.
National Research Council. 1966. Biological ener
gy interrelationships and glossary of energy
terms. Natl. Acad. Sci., Washington, DC.
Nestler, R. B. 1946. Mechanical value of grit for
bobwhite quail. J. Wildl. Manage. 10: 1 37- 1 4 1 .
Parr Instrument Company. 1960. Oxygen bomb
calorimetry and combustion methods. Techni
cal manual 1 30. Parr Inst. Co. , Moline, IL.
Parsons, C. M. , L. M. Potter and B. A Bliss. 1982.
True m e ta boli zab le energy corrected to
nitrogen equilibrium. Poult. Sci. 6 1 : 2241 -2246.
Rackis, J. J. 1966. Physiological properties of
soybean trypsin inhibitors and their relation
ship to pancreatic hypertrophy and growth in
hibition of rats. Fed. Proc. 24: 1488- 1493.
Robel, R. J . , E. M. Case, A R. Bisset and T. M.
Clement Jr. 1974. Energetics of food plots in
bobwhite management. J. Wildl. Manage.
38:653-654.
__, A R. Bisset, A D. Dayton and K E. Kemp.
1979. Comparative energetics of bobwhites on
six different foods. J. Wildl. Manage. 43:987892.

124

Church and Dailey: Full Issue
1 14

__ and S. M. Arruda. 1986. Energetics and
weight changes of northern bobwhites fed six
different foods.J.Wildl.Manage.50:236-238.
Sandholm, M., R.R. Smith, J.C.H. Shih and M.
L. Scott. 1976. Determination of antitrypsin
activity on agar plates : relationship between
antitrypsin and biological value of soybeans for
trout. J. Nutr.106:761-766.
SAS Institute, Inc. 1 982. SAS user's guide.
Statistics. SAS Inst. Inc., Cary, NC.
Sibbald, I. R. 1976. A bioassay for true metabo
lizable energy in feedingstuffs . Poult. Sci.
55:303-308.
__. 1977. The true metabolizable energy sys
tem.Pages 21-22 m Part I.Advantages of TME
in poultry feed formulation.Feedstuffs, October
10, 1977.
__.1982. Measurement of bioavailable energy
in poultry feeding stuffs: a review. Can.J. Anim .
Sci.62:983-1048.
and K. Price. 1975. Variation in metabo
lizable energy values of diets and dietary com
ponents fed to adult roosters.Poult. Sci. 54:448456.

Quail III

and P. M. Morse. 1983. The effects of
nitrogen correction and of feed intake on true
metabolizable energy values. Poult.Sci.62:138142.
Snedecor, G.W.and W.G.Cochran. 1980. Statis
tical methods. 7th ed., Ia. State Univ. Press,
Ames.
Spurlock, M. E. 1987. Comparison of metabo
lizable energy estimates for selected feedstuffs
consumed by bobwhite quail.MS Thesis, Univ.
Missouri, Columbia.77pp.
Titus, H.W., A L.Mehring Jr., D.Johnson Jr., L.
L.Nesbitt and T.Thomas. 1959.An evaluation
of M. C. F. (Micro-Cel-Fat). A new type of fat
product.Poult. Sci. 38:1114-1119.
Whitehouse, K. A, A Zarow and H. Shay. 1945.
Rapid method for the determination of crude
fiber in distillers dried grain. J.Assoc.Off. Agr.
Chemists 28:147.

125

National Quail Symposium Proceedings, Vol. 3 [1993], Art. 33

CORRELATES OF NORTHERN BOBWHITE DISTRIBUTION AND
ABUNDANCE WITH LAND-USE CHARACTERISTICS IN KANSAS
STEPH EN J. BRADY, USDA Soil Conservation Se rvice , Rocky Mou ntai n Forest and Range Expe riment
Station, Ft. Col l i n s, CO 80524
CURTIS H . FLATH ER, USDA Forest Service, Rocky Mountai n Forest and Range Ex peri ment Station,
Ft. Col l i n s , CO 80524
KEVI N E. CHU RCH, Kansas Department of Wildl ife and Park s, Em poria, KS 66801
ERIC W. SCH ENCK, Kan sas Department of Wi ldlife and Parks, Pratt, KS 6 7 1 24
Abstract: County-level agricultural statistics were correlated with Rural Mail Carrier Survey reports and

Breeding Bird Survey data for northern bobwhite (Colinus virginianus) in Kansas. Results indicate statewide
analysis is feasible when temporally congruent data exist for both agricultural land-use characteristics and
bobwhite distribution and abundance. Interpretations of these results can be useful in state or regional analysis
and in the development of habitat management strategies for bobwhite. The Multiple Response Permutation
Procedure identified 16 land-use variables, 3 soil variables, and 1 spatial variable that were significantly different
in counties where bobwhite were present from counties where they were absent. Sixteen land-use variables, 5 soil
variables, and 3 spatial variables distinguished between counties where bobwhite abundance was classified as
high or low. Spearman's rank correlation identified 8 soil variables, 1 4 land-use variables, and 3 spatial variables
that were significantly correlated with bobwhite abundance. Least absolute deviation regression analysis revealed
4 land-use variables that were significantly correlated (Agreement = 0.48, P = 0.0001) with bobwhite abundance .
Key words: abundance , agriculture, Colinus virginianus, distribution, Kansas, land use, northern bobwhite .
Citation: Brady, S. J. , C. H. Flather, K. E. Church and E. W. Schenck. 1993. Correlates of northern bobwhite
distribution and abundance with land-use characteristics in Kansas. Pages 1 1 5-125 in K. E. Church and T. V.
Dailey, eds. Quail III: national quail symposium. Kansas Dep. Wildl. and Parks, Pratt.

Recent analyses of Breeding Bird Survey (BBS)
(Droege and Sauer 1990) and Christmas Bird
Count (Brennan 199 1 ) data indicated long-term
declines (>25 years) in northern bobwhite popula
tions in >77% of 3 1 states. The annual rate of
change for the continental United States was
-2.4% from 1966 to 1989 (Droege and Sauer 1990).
Flather and Hoekstra ( 1989:36) reported harvest
of bobwhite in 13 states declined >50% during the
years 1965-85. Likewise, the number of quail
hunters declined nationally by 1 1% between 1980
and 1985 (USDI 1988); and for the first time there
were more h u n ters p u r s u ing ring - necked
pheasants (Phasianu.s colchicu.s) than bobwhite.
Although many factors affect wildlife abun
dance, land use is often considered the most im
portant determinant of base population levels in
agricultural environments (Edwards et al. 198 1 ).
For example, Brady (1988) reported declinin�
harvests of bobwhite in Illinois were correlated (r
= 0 . 6 7 , P < 0. 000 1) with increasing area of
rowcrops over a 30-year period. Thirty years ago
bobwhite habitat was primarily a by-product of
farming (Klimstra 1982). Today, land-use prac-

tices do not provide adequate habitat for bobwhite
(Brennan 199 1).
Habitat requirements and microhabitat as
sociations of bobwhite have been studied exten
sively. This information is often used to prescribe
management for "local" bobwhite populations on
individual farms or wildlife areas (Warner and
Etter 1985). However, data are also necessary for
landscape level planning to balance the needs of
agricultural programs and "regional" wildlife
populations (Harmon 198 1 , Warner and Etter
1 985). Therefore , we evaluated county-level
agricultural land-use patterns with distribution
and relative abundance information for bobwhite
in Kansas. Our objectives were to ( 1 ) explore the
use of 4 existing data sets to describe regional
patterns of bobwhite populations relative to
agricultural land use and (2) interpret these pat
terns relative to federal agricultural programs or
technologies.
We thank B. S. Cade, J. Janssen, and R. M.
King for statistical assistance; K. A. Kuiper for
reviewing a draft of the manuscript; and L. Eskew
for editorial assistance.
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STUDY AREA AND M ETHO DS
Land-use I nformation
We used Census of Agriculture (USDC 1976,
1980, 1984, 1989) and National Resources Inven
tory (NRI; USDA 1984) data to describe county
level agricultural land use and technological ap
plications.Census of Agriculture data were avail
able for all 105 counties in Kansas, while NRI
data were available for 47 counties. Census of
Agriculture information provided the most ac
curate estimates of crop types and pesticide use,
whereas NRI data provided better descriptions of
the sequence of crops over time (crop rotations),
soil characteristics , and distances between cover

types. Where appropriate, all variables were con
verted to proportions to control for varying county
sizes (Table 1).

Population I ndexes
We used Rural Mail Carrier Survey (RMCS)
(Wells and Sexson 1982) and BBS (Droege 1990)
data to measure distribution and relative abun
dance of bobwhite in Kansas. The RMCS data
were available for all 105 counties, whereas BBS
data were available for 36 routes which were then
assigned to counties . The RMC S data were
gathered incidental to postal delivery by 533 mail
carriers driving >435,000 km during a 5-day

Table 1. County-level land use and soil variables from the National Resources Inventory and the Census of
Agriculture that were associated with bobwhite distribution and relative abundance in Kansas.
Variable

Description

National Resources Inventory
% LCC1
% LCC2
% LCC3
% LCC4
% LCC5
% prime farmland soils
% grazed
% cropland
% soybeans
% wheat
% pasture
% woodland
% meadow
% small water bodies
Mean distance to cropland
Mean distance to grassland
Mean distance to water
Erodibility index (water)
Erodibility index (wind)
R factor
T factor
Length of slope
% slope
LS factor

% of county in Land Capability Class 1
% of county in Land Capability Class 2
% of county in Land Capability Class 3
% of county in Land Capability Class 4
% of county in Land Capability Class 5
% of county in prime farmland soils
% of county grazed by livestock
% of county in agricultural crops
% of county in soybeans
% of county in wheat
% of county in pasture
% of county in woodland
% of county in hay
% of county occupied by small water bodies
Mean distance from randomly selected points to the nearest occurrence of
cropland
Mean distance from randomly selected points to the nearest occurrence of
grassland
Mean distance from randomly selected points to the nearest occurrence of
surface water
Potential erodibility based on the Universal Soil Loss Equation (Wischmeier
and Smith 1978)
Potential erodibility based on the Wind Erosion Equation
Rainfall and runoff factor, measure of the duration and intensity of rainfall
used in the Universal Soil Loss Equation
Tolerable soil loss level or the rate of soil erosion that can occur without
degrading the productive capacity of the soil
Length of the effective slope that watei; will run off as sheet flow before
becoming concentrated flow
The vertical height (rise) of a hillside divided by the horizontal length (run),
expressed as a percent
Index that compares the soil loss from the field length and percent of slope
to a standard unit (9%, 22.1 m)
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Table 1 (cont.).
Variable

Description

Census of Agriculture

% diverted crops
% cover crops
% herbicides
% insecticides
% nematicides
% sorghum
% oats
Hogs/ha
Cows/ha
% farmland
% soybeans
% wheat
% p asture/range fertilized
% woodland
% hay
% alfalfa
% hay (except alfalfa)
% wild hay
Average farm size

% of county where cropland was enrolled in USDA wheat or feed-grain
set-aside programs
% of county where cover crops were planted for soil protection or enhancement
% of county treated with herbicides
% of county treated with insecticides
% of county treated with nematicides
% of county in sorghum
% of county in oats
Number of hogs in the county divided by the area of the county
Number of cattle in the county divided by the area of the county
% of county classified as farmland
% of county in soybeans
% of county in wheat
% of county in pasture or rangeland and where fertilizers were applied
% of county in woodland
% of county in hay
% of county in alfalfa
% of county in hay crops other than alfalfa
% of county in native hay (naturally occurring grasses and forbs)
Average size of farms in the county

period in April 1982. These data were expressed
as an index of the number of bobwhite observed
per 161 km. Bobwhite were categorized in each
county as : (1) present or absent and (2) low-den
sity (<1.425/161 km) or high-density (�1.425/161
km).

The BBS data were obtained for 1967-88.
Trained volunteers count birds on these routes
under optimal environmental conditions during
May.Birds are recorded at a series of 50 3-minute
stops during early morning.We used the relative
ranking of BBS routes by bobwhite abundance
rather than the absolute values of population
estimates (Droege 1990, Geissler and Sauer 1990)
for the correlations.

A n alys i s Proced u res
The nonparametric Multiple Response Per
mutation Procedure (MRPP) (Mielke et al. 1976,
Slauson et al. 1991) was used to test among dis
crete categories of bobwhite distribution
(present/absent) and abundance (low/high) and
land-use variables. The null hypothesis was that
land-use characteristics were identical among
categories.

Spearman's rank correlation test (Conover
1971:245) was used to test among continuous
variables of bobwhite abundance with land use as
well as to correlate RMCS and BBS data with
each other. Least Absolute Deviation (LAD)
regression (Slauson et al.1991) was used to deter
mine the relationship of land-use variables to
bobwhite abundance. LAD regression variables
were selected iteratively to achieve the combina
tion of variables that gave the best fit model.
Where concurrent data existed, we examined
temporal relationships by correlating the slopes
of trend lines from BBS routes (1967-88) with the
slopes of the trend lines from agricultural land
uses during the years 1974, 1978, 1982, and 1987
(USDC 1976, 1980, 1984, 1989) for each county.

RESULTS

D istri bution and Abundance

Northern bobwhite were reported by rural mail
carriers in 90 of 105 counties in 1982 (Fig.1).The
mean number of bobwhite per 161 km was 3.1 (SE
= 0.32, median = 1.6, range = 14.4). Thirty-two
counties were classified as low-density and 58 as
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Fig. 1 . Distribution and relative abundance of bobwhite in Kansas determined from Rural Mail Carrier Survey
data. Crosshatching indicates high bobwhite abundance (� 1 .425 birds/1 6 1 km) and diagonal lines indicate low
abundance. Bobwhite were not observed in the unmarked counties.
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Fig. 2 . Numbers of northern bobwhite observed on Breeding Bird Survey routes (n = 29-36) in Kansas, 1967-88.
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high-density.Annual BBS estimates of bobwhite
abundance revealed no long-term change (P > 0.1;
Church et al. 1993) since 1967 (Fig. 2). The mean
number of bobwhite recorded on BBS routes was
43.3 (SE = 6.6, median = 33, range = 123).In 1982,
RMCS data were correlated with the number of
individuals (rs = 0.78, P < 0.0001) and the number
of stops where bobwhite were observed (rs = 0.77,
P < 0.0001) on 32 BBS routes in 29 counties.This
supports the use of both data sets as appropriate
measures of bobwhite abundance for comparisons
with land-use data.

Land-Use Patterns
In general, the amount of farmland in Kansas
has remained stable over the last 50 years. In
1982, 20.1 million ha of rural land consisted of
11.8 million ha of cropland , 6.8 million ha of
rangeland, 0.9 million ha of pastureland , 0.3 mil
lion ha of woodland , and 0.3 million ha of other
minor land cover uses (USDA , SCS and ISUSL
1989). About 51 % of rural land and 65% of
cropland were classified as prime farmland. Four
teen percent of cropland was irrigated. Sixty-six
percent of cropland was used to produce wheat ,

and the remaining 34% produced sorghum, hay ,
soybeans , and corn (Fig. 3) (USDC 1984).
Land area used for crop production fluctuates
annually because of federal commodity control
programs. Techniques for producing crops have
been modified by technological advances in con
servation tillage for soil erosion control.The area
treated with herbicides more than doubled from
1974 to 1987, whereas the use of insecticides has
remained relatively constant (Fig. 4). The chemi
cal composition of pesticides has changed
dramatically during this period. Beginning in
1986 the Conservation Reserve Program removed
about 1.2 million ha of cropland from production
for 10 years.
Eight NRI variables (5 positive and 3 negative)
were different (P < 0.05) between counties where
bobwhite were present as opposed to absent
(Table 2). Likewise, MRPP identified 14 Census
of Agriculture variables (8 positive and 6 nega
tive) that were associated (P < 0.05) with the
presence or absence of bobwhite.
There were 16 NRI variables (10 positive and 6
negative) that differed (P� 0.05) between low- and
high-density counties (Table 3). Seven NRI vari-
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Fig.3. Major crops produced in Kansas during the last 4 Censuses of Agriculture (USDC 1976, 1980. 1984, 1989).
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Fig. 4. Kansas agricultural lands treated with herbicides and insecticides during the last 4 Censuses of Agriculture
(USDC 1976, 1980, 1984, 1989).
ables were common to both presence/absence and
low/high tests.Likewise, 14 Census of Agriculture
variables (9 positive and 5 negative) differed (P <
0.05) in low-density, opposed to high-density,
counties.Twelve variables were common to both
distribution and abundance tests.
Bobwhite abundance was correlated (P < 0.05)
with 19 NRI variables for the counties where
bobwhite were present (Table 4). The rainfall
factor displayed the strongest positive correlation
and the erodibility index for wind the strongest
negative relationship. Spearman's rank correla
tions were generally supportive of the results of
the MRPP abundance tests.
Spearman's rank correlations identified 13
variables associated with bobwhite abundance
and Census of Agriculture data (Table 5). The
proportion of woodland represented the strongest
and most consistent relationship. The proportion
of cropland diverted out of production was strong
ly negatively correlated with bobwhite abundance
in 1978 and 1982. However, in 1987 the amount
of diverted acres was the greatest among the

years examined, and no relationship was iden
tified.

Pred ictive Models and Tre n d s
The LAD regression analysis indicated that 4
NRI variables best explained northern bobwhite
(NBW) abundance (Agreement= 0.48, P = 0.0001,
n= 36). The equation was :
NBW = -0.54 + 52.3 Ponds + 68 Woodland + 21.6
Soybean - 17 4 Oats + 0.004 Distance to Cropland.
When Census of Agriculture variables were
subjected to LAD regression analysis, the best fit
came with 3 variables (Agreement = 0.46, P <
0.00001, n= 80) giving the equation:
NBW = I + 78 Woodland + 98.9 Native hay - 33.3
Hay (except alfalfa).
When the temporal trends of bobwhite abun
dance (1967-88) were evaluated against agricul
tural land-use trends (197 4-87), no relationship
(P > 0.05) was observed. Neither the slope of
bobwhite trends nor the slope of agricultural land
use trends was different from 0.
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Table 2 . Multiple Response Permutation Procedure results o f Rural Mail Carrier Survey bobwhite distribution
with county level National Resources Inventory data for counties where bobwhite were present (n = 36) or absent
(n = 1 1) and Census of Agriculture data for counties where bobwhite were present (n = 90) or absent (n = 1 5) .
National
Resources Inventory
°

% LCC1
% LCC2
% LCC3
% LCC4
% prime farmland soils
Erodibility index (water�
Erodibility inde x (wind)
% grazed
% cropland
% soybeans
% wheat
% pasture
% woodland
% meadow
% small water bodies
Mean distance to cropland
Mean distance to grassland
Mean distance to water

p
0.0831
0.2007
0.2656
0.3156
0.0001
0.0002
0.0306
0. 1 1 78
0.0154
0.0783
0.1015
0 . 1 532
0.0107
0.0001
0.0032
0.8724
0.0002
0.0750

Census
of Agriculture
% diverted crops
% cover crops
% herbicides
% insecticides
% sorgh um
% oats
Hogs/ha
Cows/ha
% farmland
% soybeans
% wheat
% past/range fertilized
% woodland
% hay
% alfalfa
% hay (except alfalfa)
% wild hay
Average farm size

p
0.0004
0.0828
0 . 1 408
0.0392
0.7448
0.00 18
0.00 1 4
0.00 1 1
0.29 16
0.0100
0.0072
0.0368
0.00 1 5
0.0001
0.0105
0.0002
0.0198
0.0001

LCC = Land Capability Class.
bEI wind was only calculated for n = 23 counties where bobwhite were present and n = 1 1 counties where bobwhite
were absent.
8

Table 3. Multiple Response Permutation Procedure results of 1982 Rural Mail Carrier Survey data for bobwhite
abundance with county level National Resources Inventory (NRI) and Census of Agriculture data for counties with
high and low abundance. High abundance was defined as ::::1 .425 bobwhite/161 km and low abundance was < 1 .425.
NRI had 18 counties with high abundance and 18 with low, whereas Census of Agriculture had 58 counties with
high abundance and 32 with low .
National
Resources Inventory
°

% LCC 1
% LCC2
% LCC3
% LCC4
% prime farmland soils
Erodibility index (water�
Erodibility index (wind)
% grazed
% cropland
% soybeans
% wheat
% pasture
% woodland
% meadow
% small water bodies
Mean distance to cropland
Mean distance to grassland
Mean distance to water

p
0.497 1
0.0424
0.0108
0.0480
0 .03 1 5
0.0003
0.4 128
0.0522
0.0037
0.0030
0.0239
0.0246
0.0001
0.0001
0.0003
0.0004
0.0130
0.0023

Census
of Agriculture
% diverted crops
% cover crops
% herbicides
% insecticides
% sorgh um
% oats
Hogs/ha
Cows/ha
% farmland
% soybeans
% wheat
% past/range fertilized
% woodland
% h ay
% alfalfa
% hay (except alfalfa)
% wild hay
Average farm size

p
0.000 1
0.0765
0.0235
0.0288
0.0782
0.0001
0.0004
0.0026
0.00 1 4
0.000 1
0.0001
0 . 1 198
0.0001
0.0001
0.3470
0.0001
0.0001
0.000 1

LCC = Land Capability Class.
bEI wind was calculated only for n = 23 counties.
8
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Table 4. Spearman's rank correlation coefficients and probabilities of 1982 Rural Mail Carrier Survey data for
bobwhite abundance with county level National Resources Inventory data for counties where bobwhite were
present (n = 36) . Land-use variables were calculated as percent of the land in the county, whereas soil variables
were weighted averages.
Variable
Rainfall factor
EI (wind) 0
% woodland
% small water bodies
T factor
% pasture
EI (water)
Soil erodibility factor
% meadow
% soybeans
Distance to water
0
b

rs

0.806
-0.760
0 .739
0.70 1
-0.696
0.633
0.618
0.600
0.597
0.560
-0.547

Variable

P<

0.0001
0.000 1
0.000 1
0.0001
0.0001
0.0001
0.0001
0.0001
0.000 1
0.0004
0.0006

rs

Distance to cropland
% cropland
Distance to grassland
% LCC4b
% wheat
% LCC3
% LCC5
% grazed
Length of slope
LS factor
Percent of slope

0.543
-0.524
-0.426
-0.407
-0.404
0 . 388
0. 356
0.356
-0.201
0. 185
0. 181

P<

0.0006
0.0010
0.0096
0.0136
0.0 1 46
0.0 193
0.0333
0.0333
0.0574
0 .0805
0.0885

EI wind was calculated only for n = 23 counties.
LCC = Land Capability Class.

Table 5. Spearman's rank correlation coefficients of Rural Mail Carrier Survey (RMCS) and Breeding Bird Survey
(BBS) data for bobwhite abundance with Census of Agriculture data for counties where bobwhite were present.
Probability values are in ( ) below correlation coefficients. Land-use variables were calculated as percent of the
land in the county (e .g., percent of land treated with herbicides) .

..RM.GS
Variable
% woodland
% diverted crops
("set aside")
% hay (all)
% wheat
% soybeans
Average farm size
% oats
Hogs/ha
% farmland
% nematicidesa
% cover crop
% pasture and
range fertilized
% herbicides

1982
(n=90)

1974
(n=30)

0.759
(0.000)
-0. 705
(0.000)
0.668
(0.000)
-0.585
(0.000)
0.558
(0.000)
-0.506
(0.000)
0.490
(0.000)
0 .467
(0.000)
-0 .456
(0.000)
-0 .388
(0.000)
0.230
(0.029)
-0.228
(0.030)
0 . 195
(0.065)

0. 487
(0. 006)

0. 143
(0.452)
-0 . 1 05
(0 .579)
0 .375
(0.04 1)
-0.233
(0.2 15)
0 . 129
(0.496)
0.200
(0.290)
-0.297
(0 . 1 1 2)
0.530
(0.003)
0.281
(0. 1 32)
0.388
(0.034)
0.419
(0.02 1 )

1978

BBS

1982

1987

(n=30)

(n=30)

(n=26)

0.531
(0.002)
-0. 454
(0.012)
0.436
(0.016)
-0.072
(0.070)
0.560
(0 .001)
-0.253
(0. 1 77)
0.443
(0. 0 1 4)
0 . 073
(0.702)
-0.344
(0.058)
0 .249
(0. 185)
0.0 1 1
(0.954)
0.539
(0.002)
-0.072
(0.703)

0.716
(0. 000)
-0.642
(0.000)
0.474
(0 .008)
-0. 499
(0.005)
0.468
(0.009)
-0 .306
(0 . 1 00)
0.504
(0.004)
0. 459
(0 .01 1)
-0 .630
(0.000)
-0.75 1
(0 . 000)
0. 125
(0.509)
-0. 1 02
(0. 590)
0 . 160
(0 . 399)

0. 700
(0.000)
-0.020
(0.923)
0.464
(0. 0 1 7)
-0.631
(0 .001)
0.565
(0.003)
-0.416
(0.035)
0 . 328
(0. 1 01)
0.161
(0.433)
-0.337
(0 .092)
0.296
(0. 1 42)
0.224
(0.272)
0.638
(0.000)
0. 187
(0. 361)

Number of counties reporting hectares treated with nematicides w as 50, 8, 22, 14, and 1 7 for the 5 columns,
respectively .
0
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Whereas the best regression models did not
include the erodibility indexes, they are impor
tant in targeting USDA programs. The strong
positive correlation of bobwh ite with the
erodibility index (EI water; Table 4) was not found
for populations range-wide when tested in 530
counties with BBS data in 1982. However, when
bobwhite from all Kansas BBS routes during the
years 1970-88 were tested against the EI (water),
the correlation was significant (0.00005 < P <
0.029) for each year. The EI is a function of the
relatively stable natural factors of climate, soil,
and length and percent of slope, which will be
relatively constant over time, unlike the agricul
tural land-use variables that can fluctuate an
nually.
The physiographic and climatic gradient across
Kansas from east to west could confound inter
pretations of our results. However, we tried to
minimize this concern by evaluating both abun
dance within the occupied range and distribution.
Population density may be a misleading indicator
of habitat quality, especially with high resolution
studies (Van Horne 1983). We found that rank
ordering of counties by bobwhite abundance was
consistent over time and that bobwhite abun
dance in the extreme low and high years of 1985
and 1987 were h ighly correlated (rs = 0.77, P <
0.0000 1). Source and sink bobwhite populations
were not distinguishable at the county level.

DISCUSSION

The bobwhite is an edge-associated species
whose abundance is generally increased by
greater habitat diversity. The EI correlations and
correlations with spatial variables (distance to
crop, grass, and water in Tables 2-4) confirm this
relationship. High values for the EI (water) imply
h ighly dissected landscapes characterized by
short, steep slopes, steep waterways, more rain
fall, and high topographic relief--hence high
habitat heterogeneity. Conversely, high values
for the EI (wind) imply gently rolling to flat plains ,
gentle slopes, less rainfall, wide open spaces-
hence high habitat homogeneity. Bobwhite were
more abundant in counties where mean distances
to grassland and small waterbodies were low.
Bobwhite were less abundant in counties where
mean distance to cropland was low.
Bobwhite abundance was positively correlated
w ith amount of past ure and h ayf ields o r
meadows. Hayfields and pasture i n southern Il
linois offered some nesting cover, depending upon
vegetational composition and structure (Roseber
ry et al. 1979). These results are also consistent
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with the findings of Exum et al. (1982) except for
correlations with soybeans. Exum et al. found
that although soybeans were a preferred food of
bobwhite on the Ames Plantation in Tennessee,
population size was negatively correlated with
area maintained in soybeans. Large expanses of
soybeans replaced large idle fields and permanent
pastures on the Ames Plantation , perhaps creat
ing shortages of necessary winter cover (Exum et
al. 1982). In contrast, the expansion of soybeans
in Kansas replaced other cropland (primarily
corn) rather than converting good bobwhite cover
to less desirable cropland. Therefore, if crop rota
tions are shifted from other crops to include
soybeans without the concomitant loss of impor
tant habitat types, then bobwhite populations
might benefit.
Avian habitat use is dynamic (O'Connor 1986),
may be nonlinear (Meents et al. 1983), and varies
with population demographics (Van Home 1983,
Maurer 1986) as well as with the scale with which
we classify habitats (\Viens et al. 1987). Bobwhite
were correlated consistently with some variables
and inconsistently with others. The inconsistent
variables might be less important, or the scale
that they operate in might be different from the
scale bobwhite population processes operate in.
Reconciling the scale of agricultural programs
and technologies w ith bobwh ite population
processes is only likely to occur in a hierarchical
framework. However, EI and proportions in wood
lands and soybeans are important variables be
cause of th eir consistent correlations with
bobwhite populations over time.
The fact that woodlands occur and soybeans are
grown more in eastern Kansas where rainfall is
greater and bobwhite are abundant does not
necessarily imply a causal relationship. However,
environmental conditions where these land uses
occur also provide conditions suitable to h igher
bobwhite abundance. Managers must recognize
bobwhite as a successional species and provide
appropriate patterns of plant seral stages (Ellis et
al. 1969). Subtle land-use changes can cause sub
stantial changes in bobwhite carrying capacity
(Roseberry et al. 1 979). Detecting successional
patterns was not possible with our coarse -grained
data, but patterns of maj or land-use charac
teristics were detectable and important in
describing bobwhite abundance.
The USDA conservation programs are targeted
to highly erodible lands based on the EI. In the
eastern 2/3 of Kansas where bobwhite are abun
dant, those programs will also target areas where
bobwhite are abundant.. However, in the western
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1/3 of Kansas, those programs will target counties
where bobwhite are rare or absent since the EI
(wind) will be the predominant index used to
target highly erodible lands . Conservation
programs will enhance bobwhite habitat through
planned agricultural practices when require
ments of this game bird are kept in mµid. Tradi
tional soil conservation practices such as grass
ridged terraces, field windbreaks, contour
stripcropping, field border strips, and proper
grazing are still good recommendations. Negative
correlations with distances to grass cover and to
water show the importance of habitat diversity
and interspersion. Increasing size of farms and
fields may result in the loss of brushy fencerows
and odd areas of habitat which will be difficult to
mitigate, even with judicious planning.
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NORTHERN BOBWHITE DENSITIES IN BURNED AND UNBURNED
REDBERRY JUNIPER RANGELANDS
ANTHONY P. LEI F, 1 De partme nt of Range and Wi ld life Manageme nt, Texas Tech U nive rsity,
Lubbock, TX 79409
LOREN M. S M ITH, De partme nt of Range and Wi ldl ife Manage me nt, Texas Tec h U n ive rsity, Lu bbock,
TX 79409
Abstract: We estimated northern bobwhite (Colinus virginianus) densities in 4- and 8-year-old burned and

unburned redberry juniper (Juniperus pinchottii) dominated pastures. The 4-year-old burned (800 ha) , 8-year-old
burned ( 1 ,200 ha), and unburned (1 ,200 ha) treatment sites had 8.6, 1 4 . 4 , and 22 .3% woody canopy coverage ,
respectively . Fall bobwhite densities were estimated from 122 flushes of quail coveys on 592 .8 km of transects.
Data histograms indicated that bobwhite were harder to detect in the unburned area than in the 8-year-old burn
or the 4-year-old burn . Probability detection functions were smaller in the old burn than the new burn (P = 0 .05)
or unburned area (P = 0.02). Bobwhite densities of 43.3, 55. 1 , and 60.5 birds/1 00 ha in the 4-year-old burn,
8-year-old burn, and unburned sites, respectively , were similar (P > 0 . 1 0) . Prescribed burning to control redberry
juniper and manage bobwhite should be designed to maintain intermittent shrub coverage .
Key words: Colinus virginiarws, densities, line transects, northern bobwhite, prescribed burning, rangeland,

Texas.

Citation: Leif, A P. and L. M. Smith. 1993. Northern bobwhite densities in burned and unburned redberry juniper
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Prescribed burning is used to reduce canopy
cover of redberry j uniper and reduce downed
(chained) woody debris on the Rolling Plains of
Texas. Areas subjected to brush control burns
support populations of northern bobwhite. Jack
son (1969:32) hypothesized that complete brush
control on the Rolling Plains would eliminate
quail populations. However, prescribed burns
generally do not consume all brush; furtherm ore,
redberry juniper resprouts following fire (Steuter
1982). Although bobwhite are not likely to be
eliminated from areas treated with fire, Renwald
(1979) reported that quail loafing coverts were
reduced following burning of honey mesquite
(Prosopsis glandu.losa).
Historically, bobwhite m anagement on the
Rolling Plains was superseded by livestock
management. While landowner interest is shift
ing away from single-goal management schemes
(Jackson 1969:32), few plans exist for integrated
management of quail and livestock. Our objective
was to estimate fall densities of northern
bobwhite in 4- and 8-year-old burned and un
burned redberry juniper h abitat.
Financial support was provided by Texas Tech
University (Food a nd Fiber Production). We
thank D. G. Sheeley, P. J. Grissom , and C. D.
1
Present address: South Dakota Department of
Game, Fish and Parks , PO Box 915, Huron, SD 57350.

Olawsky for assisting on quail transects, and J.
R. Weigel on vegetation sampling. D. B. Wester
assisted with statistical analyses and B. Master
son provided access to the study area. We thank
H. A. Wright, J. E. Rocliek, and 2 anonymous
referees for reviewing the manuscript, and A. M.
Middaugh for typing. This is Manuscript T-9-660,
College of Agricultural Sciences , Texas Tech
University.

STUDY AREA

The study area was on the Masterson JY ranch
in northeastern King County, Texas. Mean daily
maximum temperature in summer was 35.4 C
and the mean daily m inimum in winter was - 1. 2
C (Richardson et al. 1974). Topography varied
from level to steep, and average annual precipita
tion was 59 cm . Soils are lithec and of the Talpa
series (Steuter 1982). Prim ary shrub species were
redberry j uniper , honey mesquite, lotebush
(Ziziphus
obtusifolia) , skunkb ush (Rhus
aroma.ti.ca), littleleaf sumac (R. microphylla),
catclaw mimosa (!1 1imosa biuncifera), and catclaw
acacia (Aca.ci.a greggii). Dominant grasses on the
site included perennial three-awns (Aristida
spp.), sideoats grama (Boutelou.a curtipendula),
blue grama (B. gracilis), buffalograss (Buchloe
dactyloid,es), h airy tridens (Erion,euron pilosum) ,
rough tridens (Trid,ens muticus), tobosa (Hilaria
mu.t.i.ca) , an cl Texas win terg rass (Stipa
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leucotricha). Common forb species were basket
flower (Centaurea americana), fleabane (Erigeron
modestus), spurge (Evolvulus nuttalwmus), rab
bit-tobacco (Evax verna) , evening p rimrose
(Calylophus
drummondianus) , bitterweed
(Hymenoxys scaposa) , white aster (Leucelene
ericoides), flax (Linum sp.), plantains (Plantago
spp .), silver-leaf nightshade (Solanum elaeag
nifolium), scarlet globe-mallow (Sphaeralcea coc
cinea), wood sage (Teucrium canadense), green
thread (Thelesperma {ilifolium), Dakota vervain
(Verbena bipinnatifida), and common broomweed
(Xanthocephalum drancunculoides).

Three treatment sites were surveyed in fall
1986: an 800-ha pasture that was in its fourth
growing season following fire treatment (new
burn), a 1,200-ha pasture in its eighth growing
season (old burn), and a 1 ,200-ha unburned con
trol. All sites were chained in 1974 or 1975 and
had similar plant associations before fire treat
ment (Steuter 1 982). Treatment sites were
burned with strip headfires in March under a
prescription of 2 1 -26 C air temperature, 25-40%
relative humidity, and 1 2-24 km/hour wind
speeds which resulted in burned coverage of 8090%. Pastures were grazed on continuous systems
at stocking rates of 1 cow-calf per 20-22 ha and
received light quail hunting pressure.

METHODS

Line-intercept (Canfield 194 1) was used to es
timate percent live brush in each treatment. Five
100-m lines were randomly placed in each treat
ment and intersecting shrub lengths recorded.
P o te n tial differences in redberry j un iper,
mesquite, and total canopy cover were tested
using analysis of variance and least-significant
difference mean separation tests when the F-test
was significant (P < 0.05).
In each treatment site, line-transects were es
tablished at ;:;::400 m intervals and were marked
by attaching plastic flagging along fences at both
ends of each line. An adequate sample of 40 obser
vations (Burnham et al. 1980) was not obtained
along initially established lines. Therefore, addi
tional lines were established between those
present and were surveyed until ;:;::40 observations
were recorded in each area. Adding more lines
was chosen over repeatedly walking original
lines, to decrease the probability of encountering
a covey already observed at the same approximate
site which would bias variance estimates.
Lines were surveyed from 2 1 August to 3 1 Oc
tober 1986. Each line was surveyed by an in-
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dividual equipped with a compass, measuring
tape, and an aerial photograph of the treatment
site. Upon observing a covey, a marker was driven
into the ground and the observer moved to the site
of the flush. After marking the flush site, the
observer returned to the marker, took the proper
compass bearing , and moved along the line until
perpendicular with the flush site. Right-angle
distance and covey size were recorded at each
observation. Transect lengths were determined
b y meas u ri n g lines established o n a er ial
photographs (2 cm/km).
Covey density estimates were derived for each
treatmen t site using program TRANSECT
(Laake et al. 1979) and the Fourier series es
timator (Burnham et al. 1980). Bobwhite den
sities were estimated by multiplying each covey
density by its mean covey size, and corresponding
density variances were calculated as described by
Burnham et al. (1980). Potential differences in
probability detection functions and bobwhite den
sities between treatments were tested with a
Z-test.

RESULTS

Total canopy cover differed (P = 0.02) among
treatment sites (Fig. 1). Redberry juniper ac
counted for 55, 50, and 60% of woody cover in the
new burn, old burn, and unburned areas, respec
tively.
Histograms of perpendicular-distance distribu
tions of bobwhite varied with treatment site (Fig.
2). Thirty-two percent of observations were within
4 m of transects in the unburned area. Only 12
and 15% of observations were within 4 m of tran
sects in the new and old burns, respectively. Chi
square goodness-of-fit probabilities (with pooling)
were 0. 59, 0.38, and 0. 58 in the new bum, old
burn, and unburned areas, respectively; therefore
the detection curve fit the data histogram.
Probability detection functions 1/(0)) , which are
inversely related to covey detectability were lower
for bobwhite in the old burn than in the new burn
(P = 0.05) and unburned areas (P = 0.02) (Table
1). Autumn densities of northern bobwhite did not
differ with treatment site (P > 0. 1 0).

DISCUSSION

Alth ough n o statistical d ifferences were
detected, bobwhite densities were 40% higher in
the unburned area than in the new burn (Table
1). Coefficients of variation were <20% for all
density estimates. Reduction of variation terms
(which would allow more powerful comparisons of
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Fig. l . Line-in tercept estimates (n = 1 5) of woody canopy cover in bu rned (new burn = 4 years and old burn = 8
years following fire treatment) and unburned redberry juniper-dominated rangeland on the Rolling Plains of Texas,
1986. Bars and species segments <lonot.ed by the same letter were not clifferent (P > 0.05).

densities) by 1/2 could have been obtained by
increasing the number of observations 4 folcl.
However, on our study area , t.h is could only have
been accomplished with 2,400 km of transects.
Prescribed burning can be used as a bobwhite
management tool. However, burns investigated
in this study were large (�800 ha) and were con
ducted under hotter (>2 1 C air temperature) ,
drier (<40% relative humidity) conditions than
burns aimed at im proving bobwhite foraging
areas (Stoddard 1831 :406, Rosene 1 869:30 1 , Ellis
et al. 1 869, Seitz and Landers 1 872, Whitehead

an d McConnell 1 978, Wilson and Crawford 1 979).
Prim ary objectives of prescribed burns in this
study were to remove downed woody debris and
decrease canopy cover of redberry juniper, there
by increasing livestock grazing potential (Steuter
1 882). In the process of reducing shrub canopy
cover, bobwhite loafing areas may be sacrificed in
an area which is already ''barely habitable" (Jack
son 1 868:2).
Are a s h a ving t h e g reatest pote n t i a l for
bobwhite hunting h ave high densities of easily
detected birds. Burning can improve accessibility

Table 1 . Density estimates (±SE) of northern bobwhite (Fourier series estimator) in burned and unburned redberry
juniper-dominated rangeland on tho Rolling Plains of Texas, H l86.
Treatment

n

Km of l i nes

/(0) 8

Coveys/100 h a

Covey size

Birds/1 00 h a

New burnb
c
Old burn
Unburned

41
40

2,19 8
1 53.9
1 89 . l

0. 050 ± 0. 007
0.037 ± 0 . 003
0.057 ± 0.008

4 . 1 2 ± 0.72
4 .75 ± 0 .79
6.22 ± 0 . 1 2

1 0.51 ± 0.81
1 1 .60 ± 0.85
9.73 ± 0.85

43.3 ± 7.6
55. l ± 9.2
60 . 5 ± 1 1 .8

41

a Probability detection function .
b Fourth growin g season following fire treatmen t .
c
Eighth growing season following fi re t reatment..
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on p reviously chained red berry juniper
dominated rangelands by consuming accumula
tions of woody debris and reducing canopy cover
of brush.However, brush control burns should be
conducted under prescriptions and ignition
strategies that preserve adequate shrub canopy
for bobwhite. Prescribed burning of redberry
juniper-dominated rangelands designed to create
edges between burned and unburned brush will
integrate improved livestock grazing potential
with quail habitat management.
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ACTIVITY PATTERNS AND HABITAT USE OF NORTHERN BOBWHITE
FEMALES IN 2 GRAZING SYSTEMS
1
R. MONTAG UE WHITI NG J R. Col lege of Forestry, Stephen F. Austin State Un ivers ity, Nacogdoches,
TX 7 5 962
DENISE L. SLOAN , 2 Co l lege of Forestry, Stephen F. Austin State Un iversity, Nacogdoches, TX 7 5 962
Abstract: During spring and summer of 1985 and 1986, we investigated activity patterns and habitat use of
female northern bobwhite (Colinus virginianus) on 2 sites in south Texas. One site had been subjected to a short
duration grazing (SDG) system and the other to a continuous grazing (CG) system. Nineteen females were
radio-tagged in 1985 and 28 in 1986. Rainfall was above average in 1985 and below average in 1986; as a result,
herbaceous ground cover was more dense in 1985 than in 1986. Due to extensive fencing, 58% of the SDG cell was
within 25 m of a mowed roadside, fencerow, or pipeline right-of-way; the same was true for 30% of the CG pasture.
There were no differences (P > 0.05) in distances moved between successive locations or in the breeding season
home range sizes of females in the 2 systems.In 1985, females preferred zones within 25 m of mowed areas and
avoided those �50 m from such areas. In the SDG cell during 1986 only, females preferred recently grazed paddocks.
The results suggest that the most important difference between the 2 grazing systems was the increased proportion
of mowed areas in the SDG cell during the abnormally wet year. In the Texas Coastal Bend, landowners unable
to adjust stocking rates during wet years should consider mowing to improve bobwhite habitat.
Key words: Colinus virginianus, grazing, habitat, northern bobwhite, short duration grazing, Texas Coastal Bend.
Citation: Whiting, R.M.Jr.and D. L. Sloan.1993. Activity patterns and habitat use of northern bobwhite females
in 2 grazing systems . Pages 131-136 in K. E.Church and T. V. Dailey, eds. Quail III: national quail symposium.
Kansas Dep. Wildl. and Parks , Pratt.

In Texas, quail hunting ranks third, behind
that of mourning dove (7.enaida macroura) and
wh ite-tailed deer (Odocoileus virginianus) , in
hunter participation. In 1 982, approximately
1 , 1 3 1 ,400 hunter-days were spent quail hunting
(Boydson 1983). Hunting lease income makes a
significant contribution to the economy of many
counties, totaling $ 1 45 million in 1984 (Texas
Almanac 1986).
A large portion of agricultural land in Texas is
devoted to forage production, with 32.4 million ha
of native rangeland providing grazing for cattle,
sheep, goats, horses, and game animals. Most
Texas counties derive more revenue from cattle
operations than from any other agricultural com
modity (Texas Almanac 1986). The economic im
portance of cattle and bobwhite make their com
bined management desirable.
Optimum cattle production is achieved through
vegetation management, which includes range
improvement and grazing management. Con
tinuous grazing systems, where cattle graze year1 In cooperation with the Wildlife Habitat and Sil
viculture Lab, Southern Forest Experiment Station,
U .S.Forest Service, Nacogdoches, TX 75962.
2
Present address: U.S. Army Co rps of Engineers,
2000 Fort Point Road, Galveston, TX 77550.

round or throughout the grazing season, may
result in undesirable plant communities (Stod
dart et al. 1975). To prevent these unwanted
changes, specialized grazing systems have been
developed. One such system is the cell-type, SDG
system in which cattle are rotated through a
series of paddocks radiating from a central water
source. Typ ically, each paddock is grazed 1 - 10
days, then is rested for 30-60 days , depending on
the number of paddocks and the stage of plant
growth (Steger 1981). The SDG system results in
intensive grazing of paddocks, a beneficial feature
where growth of herbaceous vegetation is abun
dant and rank (Goodloe 1 969).
Although some researchers have investigated
the use of different grazing systems by bobwhite
(Bareiss 1985 , Schulz and Guthery 1988), none
have researched impacts of different grazing sys
tems on reproductive activities of bobwhite
females. Our objective was to compare activity
patterns and habitat use of northern bobwhite
females in a SDG and a CG system during spring
and summer.
R. L. Rayburn's help with statistical analyses
and use of the Map Analysis Package is deeply
appreciated. J. D. Lenhart, K. L. Duncan, and J.
P . Walter gav e va l u able rev iews of the
manuscript; M. Day, C. K. Evans , M. Nagendran,
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E. Reyes, and W. D. Tracey helped with data
collection and analyses. This paper is Welder
Wildlife Foundation Contribution No. 396.

METHODS
The study was conducted March-August 1985
and 1986 on the Rob and Bessie Welder Wildlife
Foundation Refuge (WWR), which is in the north
ern portion of San Patricio County on the Texas
Coastal Bend. The 3, 157 ha refuge is in the tran
sitional zone between the Gulf Prairies and Mar
shes and the South Texas Plains ecological
regions (Gould 1975). The climate is subtropical
with hot summers and cool winters. Peaks in
vegetative growth are associated with rainfall
which occurs mainly in spring and fall. Annual
precipitation averages 88.9 cm; rainfall on the
WWR totaled 1 16.0 cm in 1 985 and 63. 5 cm in
1986.
A SDG cell was established on the WWR in
1982. The 2 19-ha cell consisted of 10 paddocks,
20-30 ha each. From 1 4 March to 25 December of
1985 and 1986, 1 herd of cattle was rotated clock
wise to successive paddocks every 2-9 days. The
grazing period of each paddock was based on
paddock size and relative quality of vegetation.
During calving (26 December- 13 March), all pad
docks were open to continuous grazing. The SDG
cell was stocked at 4.0 and 3.2 ha/animal unit
(AU) in 1985 and 1986, respectively. Within-pad
dock stocking rates were 0.4-0. 5 ha/AU in 1985
and 0. 3-0. 4 ha/AU in 1 986. The adjacent 267-ha
CG pasture was grazed year-round at 4. 0 and 3.2
ha/AU in 1985 and 1986, respectively.
Soils in both pastures were primarily Victoria
clays with 0- 1% slope. The SDG cell was com
prised of mesquite-mixedgrass and chaparral
mixedgr ass communities, and the CG pasture
was comprised entirely of a mesquite-mixedgrass
community (Drawe 199 1 , Drawe et al. 1978). Al
though soils and vegetative communities of the
pastures were similar, treatments were not repli
cated, thus site effects may have confounded
treatment effects.
Bobwhite females were occasionally radio-lo
cated in mesquite-mixedgrass and chaparral
mixedgrass communities on the Ford Ranch a
private ranch acljacent to the southern borde; of
the study area. That ranch used continuous graz
ing in a cow-calf operation at a stocking rate of 6. 1
ha/AU (J. D. Hollan, pers. commun.).
Bobwhite were live-trapped 3 1 March-27 June
in 1985 and 4 March - 1 9 June in 1986 using
modified Stoddard quail traps. Each bird was
weighed, sexed, and aged as subadult ( 1 5 1 -270

days old) or adult (>270 days old) based on wing
characteristics (Rosene 1969). A 6-g radio-trans
mitter was mounted on the back or neck of each
female. · A backpack-mounting method was used
during 1985. To reduce handling time of birds
during raclio-tagging and to prevent loss of trans
mitter packages due to loose harnesses, poncho
mounted as well as backpack-mounted transmit
ters were used in 1986.
Coveys or pairs trapped together were released
simultaneously to maintain covey or pair in
tegrity. Upon release, radio-tagged females were
observed for flight strength and abnormalities.
Successful traps were relocated so that the
presence of bait would not influence behavior of
raclio-tagged birds.
Radio- tagged females were located daily.
Females repeatedly located in the same area were
assumed to be nesting. Nest termination was
indicated by repeated daily locations of a female
away from the nest site, a location far from the
nest site, or lack of an activity signal which sug
gested predation of the female.
A 4-element hand-held directional yagi anten
na or a collapsible H-antenna was used to obtain
directions from permanent stations to radio
tagged birds. Azimuths of directions were
measured using a handheld compass. Accuracy
checks showed that the 95% confidence interval
for mean error of the telemetry system was -0.9 to
+ 1 . 5° for readings taken at distances of 80- 1 50 m
the range within which most radio locations wer�
taken.

DATA ANALYSES
Activity patte rns
Computer programs that incorporated signal
direction azimuths and receiving-station loca
tions were developed at Stephen F. Austin State
University and were used to determine locations
and to calculate straight-line distances between
successive locations. Distance values were com
pared between grazing systems using Student's
t-tests. Values assigned to a grazing system in
cluded those within the gr azing system and those
between the grazing system and a location out of
the grazing system.
Student's t-tests utilizing separate variance es
timates indicated that 1985 and 1986 movement
data could be pooled for the SDG cell (P = 0. 10),
but not for the CG pasture (P = 0.01). Therefore,
1985 and 1986 data were analyzed separately.
Statistical tests were considered significant at P
:,;: 0.05 for this and all other comparisons.
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We used harmonic home range sizes (Dixon and
Chapman 1980) to determine if the type of grazing
system affected home range sizes of females
during the breeding season (April-August). Mean
home ranges were calculated for each bird with
�2 1 locations (White and Dimmick 1978) within a
grazing system. The criterion for assignment to a
particular grazing system was that �70% of the
total locations of an individual be contained
within that grazing system. Home range isopleths
in 50-m increments were drawn for each female.
The isopleth that encircled �95% of the bird's
locations defined the home range (Dixon and
Chapman 1980). This isopleth was traced with a
polar planimeter to determine home range size in
hectares. Student's t-tests and 2-sample median
tests were used to compare home range sizes
between the 2 grazing systems.

H ab itat use
O n the WWR, vegetation along fencerows, road
shoulders, and rights-of-way was mowed for
brush control. Because of more fencing, a much
greater proportion of the SDG cell was mowed
than was the CG pasture. Computerized maps of
the 2 grazing systems were built using the Map
Analysis Package (Tomlin 1980). Infrared aerial
photographs of the SDG cell and CG pasture were
enlarged to scales of 1 : 3682 and 1:4023, respec
tively. Structural features, including fencelines ,
roads, underground pipelin e rights-of-way,
creeks, stock tanks, and the Aransas River, were
digitized for storage in the computer. Each map
was partitioned into 90,000 grid cells, each repre
senting about 8.33 m 2 . For each mowed feature, 3
zones were delineated: (1) <25 m from the center
of a mowed strip, (2) 25-50 m from the center of a
mowed strip, and (3) >50 m from the center of a
mowed strip. Chi-square goodness-of-fit tests
were used to test the null hypotheses that
bobwhite females used these zones in proportion
to their availability during each year in each
grazing system. If significant differences between
use and availability of zones were found, the null
hypothesis was rejected and Bonferroni con
fidence intervals (Neu et al. 1 974) were used to
determine which zones were preferred or avoided
in each grazing system.

Re s pon s e to the SDG rotation
Simple linear regression and Spearman's rank
correlation were used to determine if there were
correlations between grazing status of a paddock
and its use by bobwhite. The grazing status of a
paddock was assigned a number ranging 0-9, with
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0 indicating that the paddock was currently being
grazed and the numbers 1 -9 designating the num
ber of grazing periods since the paddock had been
grazed (Bareiss 1985). For each year, the number
oflocations in each paddock by grazing status was
determined; these numbers were regressed on
grazing status and were used in correlation
analyses.
For each fem ale bobwhite in the SDG cell, dates
on which cattle and the bird shared a paddock
were identified. Using 10- 14 locations before cat
tle were moved into a paddock and an equal num
ber after cattle were moved out of the paddock,
preentry and postentry activity areas and activity
centers were plotted. The size of each activity a rea
was determined using a polar planimeter, and
preentry and postentry activity area sizes were
compared using paired t-tests. Distance between
activity centers and direction of activity center
change in relation to the grazing rotation were
also determined for each bird. Finally, in order to
compare between grazing systems, activity area
sizes and distances between activity centers were
likewise determined for females in the CG pas
ture; these data were compared to those of the
SDG birds using t-tests.

RESULTS
Activity Pattern s
In 1985, 19 females yielded 502 locations, 354
in the study area. Twenty-eight radio-tagged
females provided 97 1 locations in 1986, 82 1 of
which were in the study area. During both years,
females in the CG pasture moved farther between
successive locations than did those in the SDG
cell; the differences were not significant in either
year, however (Sloan 1987: 57).
Mortality and emigration reduced the number
of birds meeting the criterion for home range size
analysis to 2 1 . As only 1 SDG and 3 CG birds met
the criterion in 1985, the sample was considered
too small, consequently only 1986 data were
analyzed. For 1986, home range sizes of 10 birds
in the SDG cell (28. 1 ha ± 10. 0 ha [SD]) were
compared to those of 7 birds in the CG pasture
(25.5 ha ± 5. 2 ha [SD]). Both a t-test (t = 0.62, 1 5
df, P = 0 . 55) and a 2-sample median test (P = 0 . 33)
indicated that home range sizes were similar
during the 1986 breeding season.

H abitat Use
Zones <25 m from the center of a mowed strip
comprised the majority of the SDG cell, while the
majority of the CG pasture was zones >50 m from
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Table L Northern bobwhite female use of zones extending from the centers of mowed strips in the short duration
grazing (SDG) and the continuous grazing (CG) systems of Welder Wildlife Refuge, San Patricio County, TX, in
1985 and 1986.
System

Zone

Area
(ha)

Proportional usage
Actual
E xpected

Simultaneous
confidence interval

1985
SDG
CG

<25 m
25-50 m
>50 m
<25 m
25-50 m
>50 m

112
42
39
79
37
151

0.679
0.252
0.069
0.585
0.148
0.267

0.579
0.219
0.202
0.295
0.138
0.567

0.591 S Pi S 0.7678
0.169 s P2 s 0.3338
0.021 S P3 S 0.1178
0.577 S Pi S 0.5938
0.088 s P2 s 0.210
8
0.259 S P3 S 0.275

0.624
0.225
0.151
0.365
0.180
0.455

0.611 s Pi s 0.723
0.160 s P2 s 0.256
0.085 s p3 s 0.163
0.291 s Pi s 0.403
0.163 s P2 s 0.259
0.385 s p3 s 0.501

1 986
SDG
CG

<25
25-50
>50
<25
25-50
>50

m
m
m
m
m
m

120
44
29
98
48
121

0.667
0.208
0.125
0.347
0.210
0.443

the center of a mowed strip (Table 1). For 1985,
159 SDG and 195 CG bobwhite locations were
analyzed for zone use. Expected and observed
numbers of locations within zones differed in the
SDG cell �X2 = 17. 4 1 , 2 df, P < 0.0 1) and CG
pasture (X = 86.63, 2 df, P < 0.01). In both grazing
systems, zones <25 m from the center of mowed
strips were preferred, zones >50 m away were
avoided, and intermediate zones were used in
proportion to availability (Table 1). For 1986, 403
SDG and 4 18 CG locations were analyzed. Zones
were used inJl roportion to their availability in the
SDG cell (X = 3.65, 2 df, P = 0. 16) and the CG
pasture (X2 = 2.68, 2 df, P = 0.26) (Table 1).

Res ponse to the SDG Rotation
Analysis of 1 3 5 bobwhite locations in the SDG
cell in 1985 regressed on the number of periods
since the paddock had been grazed did not reveal
a linear relationship (r = 0. 17, P = 0. 18). Likewise,
Spearman's rank correlation showed no relation
ship between the number oflocations and grazing
status (rs = -0.05, P = 0. 34).
In 1986, 268 locations showed a linear relation
ship (r = 0. 26, P = 0.01) with the number of periods
since grazing, with increased paddock use by
female bobwhite as the number of periods since
grazing decreased. Spearman's rank correlation
also indicated a negative relationship (rs = -0.29,
P < 0. 0 1) between the number of locations in a
paddock and its grazing status.

Mean activity area sizes before cattle were
moved into a paddock ( 1 . 443 ha) and thereafter
( 1 . 586 ha) were not different (n = 10 females, X =
13 preentry and 13 postentry locations, P = 0.53).
Activity centers of 5 birds shifted in the same
direction as the cattle were rotated, 3 centers
shifted in the opposite direction, and 2 centers
shifted in a neutral direction. Activity centers
shifted an average of 98 m.
The same numbers of birds and locations were
used to plot paired sets of activity areas and
activity centers in the CG pasture. Activity area
sizes averaged 1 . 943 and 1 . 954 ha and the dis
tance between activity centers averaged 1 7 1 m .
There were n o differences between these values
and those of the SDG cell (P = 0.08 and 0. 10 for
activity area sizes and distances between centers,
respectively).

DISCUSSION
Activity Patterns
Urban (1972) and Bell (1983) reported that
bobwhite mobility and home range size were
negatively related to h abitat quality during
spring. In this study, we could not detect differen
ces between the 2 experimental sites in distances
between successive locations or in home range
sizes; we speculate that habitat quality of the sites
was similar. Steger (198 1) reported that 20-30%
more cattle may be stocked in SDG systems than
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in CG systems without loss of livestock perfor
mance or deterioration of the range. We speculate
that the equal stocking rates reduced differences
inherent to the grazing systems that may have
otherwise affected bobwhite habitat quality.
We recorded extreme movements by females
following nest depredation or abandonment. In 7
instances, birds moved a greater distance imme
diately following nest disturbance than would be
expected by inspection of 95% confidence inter
vals of predisturbance movement means. Urban
( 1 972) and Leh mann ( 1 984) indicated that
females abruptly moving long distances from nest
sites are p rob ably leaving disturbed or
depredated nests.

Habitat Use
Bobwhite have difficulty traveling and feeding
in dense herbaceous cover (Lay 1965, Guthery
1986, Shulz and Guthery 1988). We believe that
the preference for zones near mowed strips in
1985 resulted from the birds' avoidance of dense
vegetation which was due to unusually wet condi
tions (> 15 cm of rain were recorded in both April
and May of that year) . Cattle also used the mowed
zones extensively, thus the heavier grazing and
trails in and around these a reas may h ave
provided preferred habitat by exposing soil for
dusting and roosting sites (Klimstra and Ziccardi
1963, Rosene 1969). We suggest that in 1985
neither grazing system was stocked heavily
enough to allow full use of the rangeland by
female bobwhite.

Res ponse to the SDG Rotation
I t is not surprising that the number oflocations
was not related to the grazing status of the pad
docks in 1985. In 1983, the wettest year on record
at WWR, Bareiss (1985) found that cattle rotation
h ad no effect on bobwhite densities in the SDG
paddocks. In both 1983 and 1985, vegetative cover
was excessive, even in recently grazed paddocks.
In 1986, when rainfall was below average and
stocking rates were increased, radio locations in
dicated heavier use of more recently grazed pad
docks by female bobwhite. These results are
similar to those of Campbell (198 1) who observed
more bobwhite in paddocks being grazed than in
those being rested. Conversely, neither Bareiss
( 1985) nor Schulz and Guthery (1988) showed a
relationship between bobwhite densities and cat
tle rotation through paddocks. In fact, Schulz and
Guthery (1988) found that mean density was
lowest in the paddock being grazed and highest in
the paddock that had been rested for the longest

period; they suggested that bobwhite moved out
of a paddock when cattle entered it.
We believe that effective grazing in the SDG cell
in 1986 was accompanied by heavier use of recent
ly grazed paddocks by bobwhite females. The
birds were probably responding to improved
h abitat quality; grazing m ay h ave improved
vegetative structure (Wilkins 1987, Schulz and
Guthery 1988), which allowed ease of movement
and suitable sites for dusting, roosting, and nest
ing. While the birds benefited from vegetative
changes resulting from grazing in the SDG cell,
they apparen tly were not disturbed by the
presence of the cattle. Data for I O females suggest
no change in activity area size or activity centers
attributable to contact with the intensively graz
ing cattle. Likewise, there was no discernible pat
tern in direction of activity center changes m
relation to cattle rotation direction.

MANAGEMENT IMPLICATIONS
Our results support Schulz and Guthery's
( 1988) suggestion that SDG systems h ave positive
effects on bobwhite populations, probably because
of improved vegetative structure. In this study,
the major difference between the 2 grazing sys
tem sites was the increased proportion of mowed
areas in the SDG cell during the abnormally wet
year. Although the percentages of mowed zones
on the WWR may not be representative of all SDG
and CG systems, SDG systems typically contain
more fencing and require more brush control than
CG systems. On the WWR, brush control con
sisted primarily of mowing; discing and the use of
chemicals are possible alternatives. In the Texas
Coastal Bend, landowners unable to adjust cattle
stocking rates during wet years should consider
mowing or discing to improve bobwhite habitat.
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random transects in Texas. Whether or not a particular habitat variable was correlated with whistle counts
appeared to depend upon abundance and distribution of other habitat types and structural features. If ?: 1 requisite
for quail survival and reproduction (food, water, cover, nest sites) was limited, habitat types and structural features
were usually positively correlated with whistle counts (P < 0. 1 0). Conversely, abundant habitat types which did
not provide all of these requisites were usually negatively correlated with whistle counts (P < 0. 1 0). Correlations
indicated breeding scaled quail selected the more dense, shorter shrub h abitats. Mesquite (Prosopsis spp.) habitats
were especially important to scaled quail in the Trans-Pecos region.
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Few studies have been conducted on breeding
habitat requirements of scaled quail. Schemnitz
( 196 1, 1964) and Snyder (1967) found scaled quail
used numerous man-made structures including
corrals, feedlots, buildings, farm machinery, old
car bodies, post piles, cattle guards, windmills,
and culverts as nest sites. Scaled quail used more
open areas in the spring and summer with a wide
variety of nesting sites (Schemnitz 1961). Snyder
(1967) found scaled quail seek brush for shade in
the summer and require an abundance of seed
producing forbs. Wallmo ( 1957) noted that no
single plant species or group of species were es
sential components of scaled quail habitat in
Texas. Campbell et al. ( 1973) observed that den
sities of scaled quail were highest on moderately
grazed ranges which supported a variety of forb
species for food and a moderate amount of brush
for cover. Dense, unbroken stands of grass or
brush without abundant forbs supported few
scaled quail (Campbell et al. 1973). Hammer
quist-Wilson and Crawford (1987) noted scaled
1 Present address: Espey-Huston a nd Associates,
Austin, TX 78732.
2
Present address: U.S. Fish and Wildlife Service,
Cooperative Fish and Wildlife Research Unit, School of
Fisheries, University of Washington. Seattle, WA
98 1 95.

quail selected sparse vegetation with shrub over
story.
Campbell et al. ( l 973) used calling scaled quail
males as an index to relative abundance in New
Mexico. Similar roadside counts of whistling
bobwhite have been used as an estimate of rela
tive abundance (Bennitt 195 1 , Elder 1956, Rosene
1957, Norton et al. 1961). If the number of males
heard whistling within a radius of 0.8 km is an
index to relative abundance (Baxter and Wolfe
1973) , it should be possible to determine which
habitat parameters are associated with varying
scaled quail densities. Habitat parameters as
sociated with high densities could then be used as
a guide to habitat management for scaled quail.
The objective of this study was to determine
habitat parameters that relate to scaled quail
densities as estimated from road transect whistle
counts in Texas.
Our research was funded by the Caesar Kleberg
Research Program in Wildlife Ecology and The
Agricultural Experiment Station, Texas A&M
University. We acknowledge the assistance of J.
H. Dunks and J. T. Robertson (Texas Parks and
Wildlife Department), F. W. Martin (Director,
Mig ratory B ird and Habitat Research
Laboratory, U. S. Fish and Wildlife Service), and
Texas Parks and Wildlife Department personnel
who collected the whistle-count data.
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METHODS

Habitats intersected by state (total length = 24
km) and the first 24 km of federal mourning dove
call-count transects within the 10 ecological areas
(Gould 197 5) of Texas were classified and inven
toried between 20 May and 10 June 1976 from
within a veh icle using methods previously
described (Grue et al. 1976). Habitats were clas
sified into 1 of the following types based on canopy
height , composition, and spatial distribution : bar
ren , cropland (grain, nongrain, forage, plowed
ground), pasture and fields, shrub savannah,
shrub parkland, shrubland, brush parkland,
brushland, savannah, parkland, woodland, or
chard, forest, or urban (detailed descriptions are
in Grue 1 977). Shrub savannah, shrub parkland,
and shrubland containing >49% mesquite also
were classified as mesquite-shrub savannah ,
mesquite-shrub p arklan d , a n d mesqu ite
parkland, respectively. Habitat types containing
trees (savannah-forest) were separated further
based on whether the canopy was primarily
(>7 4%) deciduous (including mesquite), mesquite,
coniferous, or mixed, and the presence or absence
of understory.
We also enumerated structural features within
habitat types (structures or characteristics other
than height, composition, and spatial distribution
of the canopy) that others (reviewed by Reid
[ 1977]) have suggested may be important as nest
sites, song posts, or sources of food or grit for
breeding scaled quail. Within this category we
inclu ded the number of fences, shrubrows,
windbreaks, powerlines, roads, and railroad
rights-of-way, and whether or not these struc
tures paralleled or intersected the transects. The
number of edges (an abrupt change in the
physiognomy of the vegetation excluding
ecotones), permanent water sources, buildings,
washes, livestock feeders and feedlots, gravel pits,
and irrigation and oil pumps; the presence of
snags; and the type of surface and width of the
shoulder on the survey route also were noted. The
position of some structural features relative to the
whistle transects was recorded because those that
paralleled the survey route may have provided
more nesting or calling sites per unit area than
those that intersected the transects. In addition,
structural features (e.g., fences and roads) that
intersected the survey routes may have been in
dicative of habitat fragmentation or differential
land use and, therefore, habitat diversity. The
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number of irrigation and oil pumps was included
because the former may have been associated
with sources of water and the latter was as
sociated with clearings within the homogeneous
shrublands of west Texas. The type of road sur
face on survey routes was recorded because the
amount of grit, wind-blown seeds, and water
runoff associated with different road surfaces
may vary. We estimated the width of the shoulder
on survey routes because highway rights-of-way
may support vegetation important to nesting
quail.
The habitat on both sides of each transect was
surveyed starting 0.8 km before the first stop and
ending 0.8 km after the fifteenth stop. State call
count routes consisted of only 15 stops, so only the
first 15 stops of the federal routes (20 stops) were
used. The linear distance of each observation of a
habitat type intersecting a survey route was
measured to the nearest 0. 02 km.
Through the cooperation of the Texas Parks and
Wildlife Department, scaled quail whistle counts
were obtained for the transects. Each transect
was surveyed 3 times between 20 May and 10
June 1976 (Dunks 1975). Whistle-count data were
collected at 1.6 km intervals (stops) along each
transect, beginning 0. 5 hour before sunrise and
ending 1 . 5 hours after sunrise. An audio count
was made of the total number of quail heard
whistling during a 3-minute period at each of the
15 stops along each transect. Whistle counts were
not conducted if it was raining or the wind speed
was greater than 3 on the Beaufort Scale.
Habitat variables significantly (P < 0. 10) cor
related with whistle counts were identified from
a matrix of product-moment correlation coeffi.
cients (Barr and Goodnight 1 972). Correlation
analyses were conducted within ecological areas
using mean whistle counts for each transect.
Habitat interspersion and diversity (Shannon
Wiener Index; Shannon 1 948) indices for each
transect also were included as habitat vari
ables. An index to minimum habitat intersper
sion (Grue 1 977) based on the number of habitat
types present within a transect, as well as
presence or absence of each habitat type within
adj acent 1 . 6-km intervals, was used. Crop
categories were not included in the intersper
sion and diversity indexes because it was not
possible to include cropland as a whole, and
divisions thereof, within 1 index.
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Table l. Transect whistle counts for scaled quail by 10 ecological areas of Texas, 1976.
Whistle counts
Ecological area

No. transects

Pineywoods
Gulf prairies and marshes
Post oak savannah
Blackland prairies
Cross timbers and prairies
South Texas plains
Edwards plateau
Rolling plains
High plains
Trans-Pecos

9

6

9

10
17
18
18
23
14

9

x"
0
0
0
0
0
2
5
4
3
10

SD
0.0
0.0
0.0
0.0
0.0
3 .8
8.3
7.1
4.7
5.0

Low

0
0
0
0
0
0
0
0
0
0

High
0
0
0
0
0
14
32
30

22

19

Mean rounded to nearest whole bird.

8

RESULTS AND DISCUSSION

The average number of scaled quail heard whis
tling per transect was calculated for each ecologi
cal area (Table 1). Whistle counts were not heard
in the 5 eastern ecological areas and, therefore,
these areas were elim ina ted from fu rth e r
analyses. Whistle counts were highest within the
Trans-Pecos and lowest on the Sou th Texas
Plains.

South Texas Plains
Edge (-0. 29), intersecting powerlines (-0.39),
shrubrows (-0. 33), dirt road surfaces (-0. 30) and
b uildings (-0.3 1) were structural features �ega
_
tively correlated with scaled quail whistle counts.
These structural features were associated with
the eastern edge of the South Texas Plains that
consisted primarily of cultivated crops. The
� estern portion supported scaled quail popula
t10ns and was dominated by large ranches with
severe brush problems.
Parallel fences (0.30), windbreaks (0.29), and
snags (0. 37) were positively correlated with scaled
quail whistle counts. These structures may have
provided sites for nests and song posts. Stebler
and Schemnitz (1955), working in Oklahoma ,
recorded 3. 1 % of 1 ,233 observations of scaled
quail in shelterbelts. Schemnitz ( 1 96 1) found
scaled quail in Oklahoma utilized a variety of
nesting sites.
There was a significant correlation between
cropland and edge (r = 0.67). The negative correla
tion of these variables with scaled quail whistle
counts indicated an overabundance of cropland on
transects with low whistle counts. Indeed, sor
ghum (-0. 28), cropland (-0.33), grain crops (-0.33) ,
wheat (-0.26), and plowed land (-0.30) along with
mixed mesquite tree parkland (-0. 30) were

habitat types negatively correlated with whistle
counts. Urban habitats (0.28), shrub savannah
(0. 3 1), shrubland (0.37), brushland (0. 35) , and
brush with mesquite (0.39) were positively corre
lated with scaled quail whistle counts. These data
suggest scaled quail preferred the shorter and/or
m ore dense vegetation types for nesting.
Campbell et al. ( 1973) reported brush was an
important vegetation type for scaled quail and
from a ma� agement standpoint, brush clearing
should be discouraged. However, few scaled quail
could be supported in dense unbroken stands of
brush (Campbell et al. 1973).

Edwards Plateau
Scaled quail whistle counts were negatively cor
related with edge (-0.47), intersecting fences (-0.49),
water sources (-0.3 1), and buildings (-0.37), whereas
washes (0.36) and intersecting railroad rights-of
way (0.4 7) were positively correlated. Habitat diver
sity (-0.58) and interspersion (-0.62) also were as
sociated with low scaled quail whistle counts. The
va�ables negatively correlated with scaled quail
whistle counts were associated with the more
human populated eastern portion of the Edwards
Plateau, where scaled quail were absent. Washes
and railroad rights-of-way may have been corre
lated with high scaled quail densities because the
vegetation bordering these areas was taller and
?1 ore dense than that of surrounding areas, provid
mg better nesting cover.
C�opland (-0. 29) , deciduous savannah (-0.40),
deciduous parkland (-0. 53) , mixed mesquite
par� land (-0. 29) , deciduous woodland (-0. 35) ,
deciduous woodland without understory (-0.35),
mixed mesquite woodland (-0. 26), and mixed
�oodland without understory (-0.35) were nega
tiv � ly correlated with whistle counts. High
whistle counts were associated with shrub savan-
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nah (0.47), shrubland (0.48), and mixed mesquite
shrubland (0.32).These data suggest scaled quail
were selecting shrub vegetation types and avoid
ing those types where vegetation height was ex
cessive.Wallmo ( 1957) observed scaled quail were
intolerant for woodland habitat where the height
and density of trees becam e excessive.

Rol l i ng Plai ns
Structural features positively correlated with
scaled quail whistle counts included washes
(0.54), width of road shoulder (0.40), and asphalt
road surface (0.38). Parallel windbreaks (-0.27)
and gravel road surfaces (-0.34) were associated
with low scaled quail whistle counts. Vegetation
bordering washes was generally taller and more
dense than in surrounding areas and may have
provided nesting cover.Wide rights-of-way along
asphalt surface roads may have provided nesting
cover.Grasses along these road shoulders tended
to be taller due to rain runoff than in adjacent
pastures heavily grazed by cattle. Gravel road
surfaces were associated with farming areas
where the land was cultivated up to the road
surface. Scaled quail density was low in areas
with windbreaks that were associated with cul
tivated lands.
Scaled quail whistle counts were high within
shrub parkland (0. 45), shrubland (0.50), mesquite
shrubland (0. 46), and areas devoid of vegetation
(0.52). Whistle counts were low within pasture
(-0.25) and deciduous savannah (-0.24). Areas
devoid of vegetation may have provided dusting
spots for scaled quail.Data suggest scaled quail
preferred the more dense stands of shrubs as
nesting sites and avoided deciduous savannah, a
taller, more open habitat type.

H i g h Plains
Int ers ectin g shrubrows (0 . 78) , parallel
shrubrows (0.78), intersecting powerlines (0.36),
parallel powerlines (0.34), and intersecting roads
(0.37) were associated with high scaled quail
whistle counts. These features may have created
breaks in cropland areas providing nesting cover.
Over 76% of the High Plains was cropland (Grue
1 977).
Irrigation and oil pumps (-0.37), dirt road sur
faces (-0.39), number of water sources (-0.34), and
presence of water (-0.37) were negatively corre
lated with scaled quail whistle counts. Dirt road
surfaces associated with farm areas were cul
tivated to the road edge and provided little if any
cover for quail. Irrigated cropland with per
manent water in irrigation ditches may have ac-

counted for some of the negative correlation of
irrigation pumps and the presence of water with
whistle counts. Wallmo ( 1957) observed that in
large, continuous irrigation districts , scaled quail
were effectively eliminated. However , noise
generated by irrigation and oil pumps may have
interfered with whistle-count surveys and added
to this negative correlation.
Sorghum (0.79), plowed land (0.48), shrubland
(0. 57), mixed m esquite parkland (0.57) , and
mixed mesquite woodland (0.75) were positively
correlated with whistle counts, whereas grain
crops (-0.44) and wheat (-0.40) were negatively
correlated.Scaled quail appeared to select shrub
habitat types within this ecological region.
Shrubland , mesquite shrubland, and mesquite
woodland comprised less than 1 % of the total land
area intersecting the whistle-count transects, and
thus appeared to be important as nesting cover.
These areas were interspersed within areas of
cropland. Wheat, which dominated the grain
crops in this area , was "green" at the time surveys
were conducted and offered little food for quail,
whereas sorghum fields had stubble and waste
grain from the preceding year and provided some
food. Plowed land represented newly planted sor
ghum and cotton fields and may have provided a
food source prior to plowing.

Trans- Pecos
Whistle counts were positively correlated with
parallel powerlines (0.34) , irrigation and oil
pumps (0.37), plowed land (0.39), and mixed
mesquite shrubland (0.55). Shrubland without
mesquite (-0. 46) was associated with low scaled
quail whistle counts. Irrigation and oil pumps ,
parallel powerlines , and plowed land may have
created breaks in the shrubland. These breaks
may have provided preferred nesting and/or feed
ing sites for scaled quail. Schemnitz ( 1 96 1)
reported scaled quail in Oklahoma utilized more
open areas in the spring and summ er.Schemnitz
(196 1) and Snyder (1967) found that scaled quail
in Oklahoma and Colorado, respectively , utilized
numerous manmade structures as nest sites.
Areas around irrigation and oil pumps may have
been used in this manner. Mixed mesquite
shrubland was the only mesquite habitat type
present in the Trans-Pecos. This habitat type
comprised greater than 20% of the total land area
int ers ectin g the whistl e -count trans ects.
Mesquite appeared to occur in the lower, more
moist area of the Trans-Pecos and may have
provided more food plants than did the shrubland
areas.
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S i g n ificance of Corre lations
Correlation analyses between habitat
parameters and whistle counts within the 5
ecological areas of Texas in which whistles were
heard indicated density of breeding scaled quail
was correlated with habitat parameters that
provided adequate food , cover, and nest sites .
Habitat types which provided 1 or more of these
requisites differed between ecological areas and
appeared to depend on the kind, amount, and
distribution of habitat types and the structural
features associated with them. If any habitat type
or structural feature providing 1 or more of these
requisites was limited, it was usually positively
correlated with whistle counts. Conversely , an
excess of a habitat parameter which did not pro
vide all these requirements was usually negative
ly correlated with scaled quail density. This is
illustrated by the positive correlation between
cropland and call counts in the Trans-Pecos and
the negative correlation between this habitat type
and call counts on the High Plains. In the Trans
Pecos, nesting substrate was abundant, whereas
s ources of food and water were generally
restricted to cultivated areas. Cropland com
prised less than 1% of the Trans-Pecos (Grue
1977). The opposite was true on the High Plains ,
where food and water were more abundant
(cropland comprised more than 76% of the area),
but nest sites within woody vegetation were
limited.
By chance (P < 0.10), some spurious correla
tions between habitat variables and whistle
counts may have surfaced in our study. We also
recognize that significant correlations do not
necessarily represent causation. This is il
lustrated by the positive correlation of irrigation
and oil pumps with whistle counts in the Trans
Pecos.We do not suggest that these structures are
needed by breeding scaled quail. However, the
presence of irrigation pumps suggest that sources
of food (cropland) or water were nearby ; cropland
was positively correlated with whistle counts in
this ecological area. Oil pumps were often as
sociated with the only clearings in the extensive
shrublands in the Trans-Pecos and growth of
grasses and forbs on the disturbed areas may
have provided food for nesting quail. That mourn
ing dove (Zenaida macroura) call counts also were
positively correlated with irrigation and oil
pumps within the Trans-Pecos (Grue et al. 1983)
suggests the correlation was not spurious.

Com pari sons Betwee n Ecological
Areas
Shrubland appeared to be the most important
habitat type associated with scaled quail whistle
counts. It was positively correlated with whistle
counts in all regions except the Trans-Pecos. In
the Trans-Pecos it was negatively correlated ;
however, this is misleading. In the Trans-Pecos ,
shrubland comprised greater than 50% of habitat
types intersecting the transects , and whistle
counts along these transects averaged twice those
of any other ecological area, indicating the impor
tance of shrubland. Schemnitz (1961) observed
that plants having a shrubby growth form were
used frequently by scaled quail and provided the
overhead shelter that was apparently essential to
quail welfare. Wallmo (1957) noted the majority
of scaled quail habitat in Texas was characterized
by low shrubs. Schemnitz (1961) noted where
suitable shrub cover was lacking or very
restricted , scaled quail made use of man-made
structures. He further stated that shrubs and
man-made structures were essential components
of the regional habitat of quail in Cimarion Coun
ty , Oklahoma. Stebler and Schemnitz (1955) ob
served that habitat constituting the shrub life
form and certain kinds of artifacts usually found
around farmsteads comprised the regional
habitat of scaled quail.
Shrubland was negatively correlated in the
Trans-Pecos not because it was unimportant, but
because mixed mesquite shrubland associated
with wetter areas was of even greater importance
to scaled quail populations. It stands that
shrubland is the 1 most important habitat type
for scaled quail. Changes in this type such as
openings created by man or diversity created by
nature only add a more positive effect to scaled
quail numbers. However, if these changes are too
great, populations decrease.
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SCALED QUAIL HABITATS REVISITED-OKLAHOMA PANHANDLE
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PO Box 490 1 , Las Cruces, NM 88003-0003
Abstract: Scaled quail (Callipepla squamata) populations declined 50% from 1954-56 to 1990--91 in a 125 km2
study area. Food habits based on a sample of 150 quail crops remained unchanged. Abandonment of farms, land
use, and climatic changes were hypo thesized to be major factors responsible for the population decline.
Key words: Callipepla squamata, food habits, habitat, population, scaled quail.
Citation: Schemnitz, S. D. 1993. Scaled quail habitats revisited-Oklahoma panhandle. Pages 143-147 in K. E.
Church and T. V. Dailey, eds. Quail III: national quail symposium. Kansas Dep. Wildl. and Parks, Pratt.

The idea for this paper was triggered by a
similar effort by Leedy ( 1987), who returned after
45 years to his Ohio haunts and documented total
disappearance of ring -necked pheasants
(Phasianus colchicus) and most pheasant habitat.
Leedy attributed the loss of pheasants primarily
to deterioration in habitat because of changing
agricultural land-use practices. I returned to
Cimarron County, Oklahoma, after an absence of
34 years to evaluate possible changes in scaled
quail populations and distribution since pre
viously reported by Schemnitz ( 196 1).

STUDY AREA

Cimarron County, the most westerly county in
the Oklahoma Panhandle, is primarily grassland
and agricultural farmland. The intensive main
study area was in the sandsage (Artemisw
/ili/olw)-grassland community. The area features
rolling dune-like topography with calcareous,
deep sandy, well-drained soils. Other common
shrubs are soapweed (Yucca glau.ca), skunkbush
(Rhus trilobata), and sand plum (Prunus wat
sonii). Sand bluestem (Andropogon hallii), big
sandgrass (Calamovilfa gigantRa), switchgrass
(Panicum virgatum), and needle and thread grass
(Stipa comata) are the principal tall grasses. Mid
grasses include sand dropseed (Sporobolus cryp
tandrus) and field sandbur (Cenchrus
pauciflorus). False buffalo grass (Munroa squar
rosa), sand paspalum (Paspalum stramineum),
and blue grama (Bouteloua gracilis) compose the
main short grasses. Common forbs include
western ragweed (Ambrosw psilostachya) , Texas
croton (Croton texensis), sand lily (Mentzelia stric
t.a), buffalo-bur (Solanum rostratum), and Rus
sian thistle (Salsola kali).

The climate is semiarid, characterized by hot
summers and relatively mild winters. Average
annual precipitation is 42.7 cm. The altitude is
1,281 m.

METHODS

Field reconnaissance of previously verified
( 1954-56) occupied home ranges was undertaken
during late December of 1990 and 199 1 on a
125-km2 sandsage-grassland study area. Obser
vations ofscaled quail and their tracks in the sand
and snow were used to determine presence of
quail. Covey size was determined from direct ob
servation. A thorough reconnaissance of the study
area was made on foot with the assistance of a
trained bird dog.
Scaled quail crops were collected from hunters
to determine food habits during the early winter
of 1990-9 1 and 199 1-92. Every effort was made to
contact active hunters via the local Boise City (a
small town with a p o p u lation of 1 , 509)
"grapevine" and the game warden to maximize the
quail crop collection total. Due to the small sample
size, these data were pooled by vegetation type
and year. I used the aggregate volume technique
to measure foods as described by Martin et al.
(1946) . Statistical significance was accepted at P
< 0.05.

RESULTS
Pop u lation Changes
A population decline from 587 (SE = 26) quail
(mean for 1954-56) to 293 (SE = 2 1) in 1990-9 1
was noted, which represents a decrease of 50%
(Fig. 1). Six of 1 7 previously occupied home ranges
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Fig. 1 . Comparison of scaled quail winter coveys on a 1 25-km 2 sandsage grassland study area 1954-56 (Schemnitz
1961) and 1 990-9 1 .

(35%) were vacant in 1 990-91. Average covey size
declined from 65 in 1 954-56 to 49 in 1 990-9 1 . A
thorough search of the 1 25-km2 area in 1 990-9 1
did not reveal additional quail. This suggested
that quail had not shifted their home ranges.

An additional 6 winter home ranges occupied in
1 954-55 in the short-grass -high plains and
pinyon-juniper habitat types not on the intensive
study area were revisited. Four of the 6 were still
occupied in 1990-9 1 , but average covey size had
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declined from 45 to 13 (t = 1.75, P = 0.18, df = 3).
One of the abandoned home ranges around some
occupied buildings had several house cats (Felis
domesticus) present. The other range, formerly in
farmland, was now a housing development on the
edge of Boise City.

Food s
I found little change in the main foods of scaled
quail between the 2 study periods (Table 1).Twelve
of the top 20 foods in the 1954-56 sample also were
in the top 20 of the 1990-91 sample (Schemnitz
1961). The top 5 foods in 1954-56 comprised 56.5%
of the diet by volume while these same 5 foods
totaled 46.4% in the 1990-91 sample. Insect
volumes of 4.8 (1954-56) and 4.2% (1990-91)
remained similar (P > 0.05). Forb seeds totaled 62.4
(1954-56) and 57.6% (1990-91) of the diet and
showed little difference between sample periods.
Grain (sorghum, com, wheat) whichmadeup 24.7%
of the 1954-56 sample and 33.golo of the 1990-91 diet
did not differ (P > 0.05). Only 3 of 50 foods, (0.6%)
in 1990-91 were not found in the 1954-56 crop
samples, and they were all in trace amounts. The
major difference was the low use of Russian thistle
1.6% volume in 1990-91 versus 15.1% in 1954-56'.
The average number of food items per crop in 1990-

91 of 7.1 was nearly identical to the 7.0 for 195456 (P > 0.05).

DISCUSSION
H abitat Changes
A notable difference in habitat conditions in
recent years is the retirement of cultivated land
�nd�r the Conservation Reserve Program (CRP)
m Crmarron County. Farmlands in the CRP to
taled 59,896 ha during 1990 (Soil Conservation
Service, pers. commun.); this represents more
than double those in 1987 (28,653 ha in the CRP).
In contrast, only 7 farms had 621 ha in unhar
vested cover crops in 1959. Active farmland
acreage declined 33.8% between the past, 195456, and present, 1990-91, periods of this study.
Most CRP fields were revegetated with dense
weeping lovegrass (Eragrostis curvula) with some
old world (Bothriochloa sp.) and little bluestem
(Schizachyrium scoparius) , Indian (Sorghastrum
nutans) , and switchgrass. These grasses provide
some quail cover, but little food.Scaled quail nest
in a large variety of habitats (17 total, Schemnitz
1961). In 1954-56, only 1 nest of 50 was found in
a dense grass habitat similar to the CRP. In
contrast to pheasants, scaled quail may derive
few benefits from CRP retired fields.

Table 1 . Summa� of 20 main foods eaten by scaled quail based on the analysis of 1 50 crops collected December
1 990 and 199 1 , Cimarron County, OK.
%

Food

Freq.

freq.

Triticum aestivum
Helianthus sp.
Amaranthus sp.
Mentzelia stricta
Sorghum vulgare (milo)
Insects
Ambrosia psilostachya
Croton sp.
Zea mays
Heterotheca subaxillaris
Salsola kali
Polanisia trachysperma
Sorghum halepense
Green herbaceous vegetation
Grindelia squarrosa
Paspalum stramineum
Solanum rostratum
Kochia scoparia
Psoralea tenuiflora
Cenchrus sp .
Total

35
120
121
101
97
28
73
51
17
58
45
16
66
30
9
31
12
6
4
7

23
80
81
67
65
19
48
34
11
39
30
10
44
20
6
21
8
4
3
5

Volume
(cc)

82.8
62 . 3
59.8
52.4
41.3
17.4
16. 1
13.1
12.3
8.6
6.5
6.5
4.3
4.0
3.6
3.0
2.7
2.6
2.2
1 .2
402 .7

%

volume
20.2
1 5.2
14.6
1 2 .8
1 0 .8
4.2
3.9
3.2
2.9
2.1
1 .6
1 .6

1.1

1 .0
0.9
0.7
0.6
0.6
0.5
0.3
98 .8
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Comparative acreage of total cropland (includ
ing CRP) and rangeland in Cimarron County
have not changed (Table 2). Also, average farm
size has increased only slightly. Cropland pat
terns have varied, with less acreage in sorghum
while wheat acreage has remained the same
(USDC 1954, 1987).
Number of farms decreased from 6 16 in 1950,
to 559 in 1954, and to 448 in 1987. Many active
farmsteads occupied in the 1950's have been
abandoned, thus livestock and grain feeding no
longer occur. Sasser ( 1 99 1) documented the
decline of bobwhite with the disappearance of
small farms in east Texas.

Food H abits
Scaled quail consume a more diverse diet than
northern b ob wh ite (Colinus virginianus)
(Campbell-Kissock et al. 1985 , Rollins 1 98 1 ,
Schemnitz 1964). Scaled quail in the winter in
western Oklahoma continue to use agricultural
grains and forbs that thrive under livestock graz
ing conditions. They showed high energy utiliza
tion and weight maintenance when fed sorghum,
sunflower, and amaranth seeds (Saunders and
Parrish 1987). All of these are important quail
foods.

Hunting Pressure
Hunting mortality does not seem to be a major
factor in the scaled quail population decline in
this area. Empirical data on numbers of active
local quail hunters suggest a decline in quail
hunting. Availability of crops from hunters is a
rough index of hunting pressure and success.
During the 1954 and 1955 hunting seasons 9
hunters contributed 50 or more scaled quail crops
(minimum 450). During the recent study 1 50
crops were contributed by 4 hunters.
Hunting interest and pressure seem to have
switched from scaled quail to pheasants. While
quail populations have declined, pheasant num
bers have increased as exemplified by season
lengths. During 1954 and 1955 pheasant hunting
seasons were 2 days in length, while the 1956
hunting season lasted 3 days. In contrast the
pheasant hunting season length was 32 days in
Cimarron County in 199 1 -92.

Climate Change
Climatic factors influence quail populations by
affecting vegetative vigor, composition, growth,
and reproductive success (Campbell et al. 1973).

Quail III
Table 2. Changes m land-use practices, Cimarron
County, OK.
Time period
Land use
Farmland (ha)
No. of farms

Average farm size (ha)

Cows and calves
Acres planted sorghum
Acres planted wheat

1954

1987

179,345
559
794

178,534a
448

39,323
48,554
(39l)b
37,270
(339)

889
90,756

32,217
(247)
39,909
(300)

lncludes Conservation Reserve Program acreage.
Number of farms (USDC 1954, 1987).

a
b

During the period of my original study, a severe
drought existed (-42. 5% deviation from mean an
nual precipitation). Despite seemingly adverse
climatic conditions, scaled quail populations
thrived (Schemnitz 196 1). In contrast, climatic
data for 198 1 -9 1 at Boise City, Oklahoma, showed
a mesic trend with precipitation 19% above nor
mal (X = 50.8 cm 198 1 -9 1). In only 1 year, 1983 ,
was precipitation slightly below the norm of 42. 7
cm.
Scaled quail are a xeric-adapted species. They
thrive in the vicinity of Las Cruces, New Mexico,
with an average annual precipitation of 2 1.6 cm
(N. M. Dep. Game and Fish 1967). Perhaps in
western Oklahoma they do not thrive under the
mesic conditions that occurred in 198 1 -9 1 .
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CALIFORNIA QUAIL IN WESTERN OREGON : A REVIEW
JOHN A CRAWFORD , De partme nt of Fisheries and Wi ldl ife , Nash Hall 1 04 , Oregon State Un ive rsity,
Corvallis, OR 973 3 1 -3803
Abstract: Habitat use by California quail (Callipepla californica) was studied at the E. E. Wilson Wildlife Area
in northwestern Oregon, a mesic extension of the range of this species, from 1974 to 1992. Abundance of quail on
the area was related to plant succession. Dietary studies revealed that legumes-particularly deervetch (Lotus
spp.) , peavine (Lathyrus spp.) , Scot's broom (Cytisus scoparius), and vetch (Vicia spp.)-composed 67% of the relative
d ry mass of the annual diet. California quail typically nested in shrub/grassland and roadside habitats with less
grass and shrub cover and more bare ground than at random locations within those cover types. Blackberry (Rubus
spp.) stands were used consistently for roosts and were the most frequently used escape cover. Abundance and
productivity measures of California quail on treated sites-including disked areas, food plots, and wheat plantings
revealed most birds (on a year-round basis) were found on disked areas and most chicks were produced on these
sites. Fewest young hatched on food plots and wheat plantings and the latter had the lowest abundance of breeding
adults. Most important food and cover plants responded positively to prescribed burning and disking but returned
to pretreatment levels of abundance within 2-3 years. I concluded that the successful introduction of California
quail into the Willamette Valley and abundance and productivity of these populations were related to the presence
of certain early seral species of plants, particularly some exotic species, and plant succession.
Key words: California quail, Callipepla californica, habitat management, Oregon.
Citation: Crawford, J. A. 1 993. California quail in western Oregon: a review. Pages 148-154 in K. E. Church and
T. V. Dailey, eds. Quail III: national quail symposium. Kansas Wildl. and Parks , Pratt.

In Oregon, California quail originally inhabited
the relatively dry valleys of the southwestern part
of the state (Fig. 1), but relocation efforts dating
to 1 870, resulted in a statewide distribution
(Gabrielson and Jewett 1940: 222). Although
California quail were found within approximately
100 km of the Willamette Valley, there are no
authenticated records of quail for this area (see
Bent. 1 9 3 2 : 60 - 6 1 , Gabrielson and Jewett.
1940:222) . These birds were first. introduced to
the W illamette Valley in 1 9 1 4 (Finley 1 9 1 4) .
Despite, and likely because of, human-induced
habit.at changes, California quail are common to
abundant in many parts of Oregon. The range
expansion of this species, adapted to semiarid
lands, into mesic regions such as western Oregon ,
western Washington, and southwestern British
Columbia revealed California quail possessed the
adapt.at.ions necessary to inhabit. these altered
landscapes. California quail are important game
birds in these regions. In Oregon , California quail
are the most heavily harvested game bird; ap
proximately 185,000 were taken annually du ring
the past. 20 years, based on Oregon Department
of Fish and Wildlife estimates (unpubl. data).
California quail were the subject. of numerous
scientific inquiries during the past 75 years
within their range in California , many of which
were summarized by Leopold ( 1977) . Much less

Fig. 1. Original and current distributions of California
quail in Oregon.

at.tent.ion , however, was paid to this species in
mesic extensions of its range. Habit.at studies of
California quail in mesic environments may
reveal information about habitat tolerances and
adaptability of this species, which may be of direct
value to managers in these areas. The studies also
may reveal some of the habit.at characteristics
that allowed California quail to inhabit. areas
successfully, which under natural conditions they
were unable to colonize. Since 1974, my students
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and I have undertaken a number of studies to
better understand the biology and ecology of
California quail in western Oregon. The objective
of this paper is to provide a synthesis of these
studies and to elucidate management implica
tions of the investigations.
During the past 18 years, California quail re
search was conducted on lands administered by
the Oregon Department of Fish and Wildlife to
whom I am genuinely grateful for their coopera
tion. K. L. Blakely, K. M. Kilbride, and R. M.
Oates were responsible for much of the data col
lection and analysis. The U.S. Environmental
Protection Agency, the Mzuri Wildlife Founda
tion , and the National Rifle Association supported
portions of the work reported herein.

STUDY AREA

Investigations used as the basis for this paper
were conducted on the 650-ha E. E. Wilson
Wildlife Area (Wilson WA), located 16 km north
of Corvallis, Benton County, Oregon. During the
1940's, this site served as an extensive military
base but was abandoned and buildings removed
by 1950; the system of approximately 25 km of
paved roads was left intact. When secondary suc
cession began in approximately 1950, the area
resembled a rather typical housing development
but only the foundations of barracks, offices, and
other buildings remained. Rainfall averaged 108
cm from 195 1 through 1989.
Management activities on the study site in
cluded: burning of 40-55 ha areas annually on a
rotational basis from 1953 through 1967 and 2-49
ha from 1980 through 1989; establishment of 24
food plots, averaging 0. 7 ha, which were gradually
eliminated by 1989; disking of plots (<5 ha) and
strips throughout the area from 1988 through
1992; farming operations, primarily wheat and
grass seed production on as much as 120 ha,
which were terminated in 1988; and installation
of 4 gallinaceous guzzlers.
When my work began, the Wilson WA was
composed of shrub/grassland (67%); cultivated
areas ( 18%); woodlands (8%); and roads, graveled
roadside s , and concrete foundations (7%) .
Shrub/grassland areas were dominated by black
berries, Scot's broom, rose (Rosa spp.), fescue (Fes
tuca spp.), oxeye daisy (Chrysanthemum wucan
themum) , thistle (Cirsium spp . ) , wild carrot
(Daucus carota), Klamath weed (Hypericum per
foratum) , tarweed (Madia sativa) , vetch , and
teasel (Dipsacus syluestris). Approximately 85%
of shrub cover in shrub/grassland habitat was

composed of blackberries (Crawford 1978). The
most commonly cultivated crops included
ryegrass, wheat, orchardgrass, and fescue. Two
stands of Oregon white oak (Quercus garryana)
were present on the Wilson WA. Other common
trees included Oregon ash (Frarinus latifolia) ,
black cottonwood (Populus trichocarpa) , black
hawthome (Crataegus douglasii) , willow (Salix
spp.) , and apple (Pyrus malus). The remaining
portion of the area was composed of a complex
system of asphalt roads, graveled ditches and
parking lots, and the concrete remains of
numerous buildings. A critical assumption of our
studies was that habitat use by quail on the Wil
son WA was characteristic of use by these birds
throughout the Willamette Valley and repre
sentative of use in other mesic regions.

QUAIL POPULATIONS

Long-term (approximately 30 years) trends of
California quail in the Willamette Valley indi
cated rather stable populations (Kilbride et al.
1992). On the Wilson WA, however, population
indexes collected by the Oregon Department of
Fish and Wildlife from 1953 through 1976
revealed that the population declined. This
decrease in quail numbers was attributed to the
advance of plant succession in the area because of
the inverse relationship of quail abundance (r =
-0. 58) to time (Crawford 1978) . Subsequently, fall
populations increased from approximately 250
birds in 1976 (Crawford and Oates 1986) to an
estimated 400 birds in 1990 (unpubl. data).
Breeding density for 1988 and 1989 was ap
proximately 1 bird/5 ha (Kilbride et al. 1992).
Since 1975, immatures composed 62-80% of fall
populations on the Wilson WA (Crawford 1986
and unpubl. data). Throughout the semiarid por
tion of their range, California quail typically ex
hibit great variations in annual productivity;
Leopold ( 1 9 7 7 : 1 1 5- 1 1 8) noted young in fall
populations in California ranged from 4 to 8 1 %.
Weather factors may influence productivity
and survival of California quail in western
Oregon. Hatching chronology at the Wilson WA
(Crawford 1986) was related to total precipitation
during May and June (e. g . , the greater the
amount of precipitation, the later the hatching
date). Furthermore, a 3-week period of unusually
high rainfall in July 1976 was associated with a
lapse in hatching. In comparison , Raitt and
Genelly (1964) found that high amounts of rain
fall during January through March in northern
California were related to delayed hatching .
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Heavy rainfall and cold temperatures apparently
affected quail survival at the Wilson WA during
winter 1 977-78. Indexes to abundance during
that period decreased substantially compared
with the previous year (Oates and Crawford
1983), and sex and age ratios shifted strongly to
favor males and adults (Crawford and Oates
1986). Browning (in Leopold 1977) noted that
rainfall was a maj o r f actor influencing
availability and nutrient content of key foods and
commented that inadequate amounts of rainfall
were not conducive to high populations. Conse
quently, annual variations in productivity may
relate to diet and ultimately to precipitation.

FOODS AND DIETARY
PREFERENCES

Diets of California quail and availability of
foods on the Wilson WA were examined seasonal
ly from winter 1975 through summer 1978 (Oates
1979, Oates and Crawford 1983) and from winter
1985 through fall 1987 (Blakely et al. 1988, Blake
ly 1990). Crops from 222 quail were examined.
Three measures were used to assess importance
of individual foods in the diet: (1) percent frequen
cy of occurrence in crops; (2) relative percent dry
mass; and (3) relative preference indexes (RPI),
frequency of occurrence in crops (%) :- frequency of
occurrence in available habitat (%) (see Van Dyne
and Heady 1965).
The composite annual diet was comprised of
70% forbs, 2 1 % shrubs/trees, 8% grasses, and 1 %
invertebrates on the basis of relative mass.
Among the most frequently occurring foods in the
diet (Table 1) were vetch-67%, wild carrot-58%,
teasel--3 7 % , and dandelion (Taraxacum of
ficinale, Hypoclweru; radu:atn, and similar milky
juiced composites of the Cichorieae)-36%. Of 53
plant taxa in the diet of California quail, 4
legumes contributed >60% of the relative dry
mass of the diet: deervetch-20%, peavine-16%,
Scot's broom-16%, and vetch-1 1 % (Table 1). Col
lectively, legumes contributed 67% of the relative
mass of the diet (Blakely 1990). Among foods with
the highest preference indexes (Table 1) were
peavine, deervetch, and clover (Trifolium spp.).
Five of these 8 most important foods were
legumes and all were introduced forbs or escaped
crops. Blackberry, apple, and sorrel (Rumex spp.)
were seasonally common plants in the diet of
California quail (Oates and Crawford 1983,
Blakely 1990). All grasses combined occurred in
60% of crops but amounted to only 8% of the
relative mass of the diet. Sudan grass and wheat,
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the only cultivated crops in the diet, had frequen
cies of 5% each during 1976-78 but, except for a
small amount of wheat placed at feeding stations,
were not available on the area during 1985-87.
Remaining plant foods were found infrequently in
the diet and collectively contributed 1 2% of the
mass. Relative availability of primary plant foods
was similar between 1976-78 and 1985-87 (Blake
ly 1990).
Invertebrates occurred with an annual frequen
cy of 5 1 % and ranged from 37% in fall to 80%
during summer, but contributed only 1% of the
diet by mass (Blakely et al. 1988). Fifteen inver
tebrate groups were represented in the diet but 4
composed 87% of the relative mass of invertebrate
matter: ants (Hymenoptera)-27%, grasshoppers
(Orthoptera) --2 2 % , moths and b u t terflies
(Lepidoptera)--20%, and beetles (Coleoptera)-18%. Ants and beetles occurred with the highest
annual frequencies, 34 and 20%, respectively.
Leopold ( 1977 : 1 72- 174) summarized dietary
studies of California quail from much of their
California range and concluded that diets were
diverse and differed with location. Legumes,
filarees, and grasses constituted 70% of diets in
California, and invertebrates made up 1-6% of the
diet. Legumes commonly constitute 25-35% of the
diet (Edminister 1954:3 14), but Shields and Dun
can (1966) found that legumes composed 60% of
Table 1 . Frequency of occurrence, relative mass, and
mean relative preference indexes (RPI) of foods of
California quail, E. E. Wilson Wildlife Area, OR, 197578 and 1985-87 (from Oates 1979 and Blakely 1990).
Food
Vetch
Wild carrot
Teasel
Dandelion
Sorrel
Deervetch
Peavine
Scot's broom
Blackberry
Apple
Clover
Other forbs
Other shrubs/trees
Grasses
Invertebrates

Frequency
(%)

Mass
(%)

67
58
37
36
28
26
26
24
24
22
20

11
4
2
1
1
20
16
16
2
3
2
12
1
8
1

60
51

RPi

a

2
2
3
6
8
17
19
5
1
5
11

% frequency of occurrence in diet
2% frequency of occurrence in foraging h abitat
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volume of the fall and winter diet in an arid zone
of California. Many of the important dietary com ponents were annual forbs and grasses.
California quail in western Oregon seemingly
relied more heavily on legumes and less on other
forbs for food compared with birds in California.
Grasses were used to approximately the same
extent. Although frequencies of invertebrate mat
ter in the diet were higher for birds in western
Oregon , animal matter composed less of the mass
of the diet (1 %) compared with birds in California
(up to 6%). In both the semiarid rangelands of
California and the mesic Willamette Valley of
Oregon , California quail relied greatly on intro
duced annual plants for food.

WATER

Free water was widely available on the Wilson
WA from 4 guzzlers and 3 intermittent streams.
Although California quail regularly use drinking
water in arid portions of their range, the need for
drinking water by these birds during the relative
ly dry summers in western Oregon is unclear.

USE OF COVER

The most important types of cover for Califor
nia quail in western Oregon were identified as
those used for nesting, brood-rearing, escape,
loafing, roosting, travel, and foraging. Habitat
use by 58 radio-tagged females during 1 988 and
1989 provided information about use of nesting
and brood-rearing cover by California quail in
western Oregon (Kilbride et al. 1 992). Fifteen of
25 nests were located in shrub/grassland habitat,
but roadside cover (7 nests) was the only type used
more than expected. Remaining nests were found
in woodlands or a gricultural fields. Within cover
types used for nesting, nest-sites (area within 5-m
radius of the nest) had significantly less grass and
shrub cover and more bare ground than did ran
dom locations within the same cover types (Table
2). On the average, only 1/3 of the cover immedi
ately adjacent to nests was made up oflive vegeta
tion. From the 15-day period preceding laying
through incubation, use of cover types by female
California quail reflected habitats available on
the study area (Kilbride 199 1). Females used
shrub/grassland habitats (68%) , agricultural
fields ( 18%), woodlands (8%), roadsides ( 1%), and
other (6%) cover types in proportion to their
availability. Although home range sizes of
California quail females differed during early
parts of the breeding season (ranging from 22 ha
during laying to 4 during incubation) , relative use
ofcover types remained similar during prelaying,

151
Table 2 . Cover composition a t California quail nest
sites and random locations, E. E. Wilson Wildlife Area,
OR, 1988-89 (from Kilbride et al. 1992).
Cover (%)

Cover category
Grass
Forb
Shrub
Tree
Litter
Bare ground

Nest site
(n = 25)

Random
locations
(n = 25)

p

9.1
7.5
10.0
7.3
30.4
24 .4

14.5
9.0
2 1 .6
6.6
29. 7
12.3

0.06
0.52
0.04
0.88
0.93
0.02

laying, and incubation periods (Kilbride et al.
1992). Habitats used for early brood-rearing (15day period after hatching) likewise were similar
to those used from prelaying through incubation
and to the relative availability of habitats on the
study area. Nearly 2/3 of the locations of radio
t a gged fem a les w ith b roods were in
shrub/grassland habitat. Glading (1938) found
that females used open areas characterized by
annual forbs and grasses such as fescue (Festuca
megalura), soft-chess brome (Bromus mollis) , and
broadleaf filaree (Erodium botrys) during the
breeding season.
Blackberries, Scot's broom , rose, and stands of
Oregon white oak provided the most commonly
used escape and loafing cover (Crawford 1 978) .
Observations during the past 18 years revealed
that all of the 16 repeatedly used roosts at the
Wilson WA were associated with stands of black
berries. Some of these sites also contained apple
trees or Scot's broom overgrown by Himalayan
blackberry (Rubus discol.or).
In mesic zones, such as western Oregon, where
the rate of plant succession is rapid and grass and
shrub cover quickly dom inate disturbed sites,
travel lanes for California quail may be important
to provide access to needed habitat components.
On the Wilson WA, quail made frequent use of the
extensive road system that characterized this
former military installation for movements from
1 cover type to another. In addition, roadsides ,
disked or bulldozed areas, and sites with com
pacted rock were used for movement by these
birds. Large amounts of bare ground typified
areas that received the greatest use by quail
(Crawford 1978, Oates and Crawford 1983,
Kilbride et al. 1 992).
Foraging cover at the study area was charac
terized by availability of early successional
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plants, particularly in disked areas, roadsides, or
sites of compacted rock with escape cover (typical
ly blackberries) within 10 m. California quail also
foraged on plants used for roosting and loafing;
among these plants, blackberries, apple, and
Scot's broom were the most common.
In a study of seasonal relationships between
population abundance of California quail and
h abitat cha racteristics, Oates and Crawford
(1983) found quail numbers were positively re
lated to amounts of forb cover, especially legumes
(excluding vetch, which was widely available) ,
dandelions, and wild carrot. Quail abundance was
negatively related to amount of grass cover. In
California , McMillan (1964), Francis (1970), and
Leopold ( 1977 : 175) noted direct relationships be
tween quail productivity and forb abundance.

HABITAT MANAGEMENT
TECHNIQUES

Numerous techniques were used to manage
California quail on the Wilson WA; 3 of these
methods (disking, food plots , and wheat plant
ings) were evaluated (Oates and Crawford 1983).
Twelve 16.2-ha plots were established on the Wil
son WA: 3 had disked areas of 2.4 ha, 3 were
planted with 0. 4-ha plots of sudan grass and corn
(food plots), 3 had 3-6 ha wheat plantings , and 3
were controls. Abundance (seasonal transects)
and productivity (summer production routes) of
quail were used to evaluate the merits of each
management technique. Disked areas supported
the most birds on a year-round basis (Table 3).
Productivity was highest on disked areas; the
fewest young hatched on food plots and wheat
p lantings. The fewest b reeding adults were
present on wheat p l a ntings . The initially
favorable response of quail populations to disking,
however, lasted only approximately 1 year (Oates
and Crawford 1983).

Responses of key habitat components, primari
ly food, were evaluated for disking (Oates and
C ra wfo rd 1 9 8 3 , Bla k e ly et a l . 1 990) a n d
p rescribed burning (Blakely e t a l . 1 990) a s
m an agement tech n i qu e s . K e y foods th a t
responded positively (measured a s percent cover)
to disking treatment included deervetch, vetch ,
clover, wild carrot, dandelions, and sorrel. Grass
cover declined in response to disking; no key trees
or shrubs were evaluated. No changes in the
amount of cover of peavine and teasel were noted
after disking. Blackberries, clover, and vetch
responded positively to burning; however, teasel,
wild carrot, and dandelions seemingly were unaf
fected. Grass cover also declined after burning.
Bare ground increased to 20 (bu rned)-40%
(disked) of total ground cover immediately after
treatments. Bare ground, however, returned to
pretreatment levels of s4% within 2. 5 years of
treatment. Cover of key vegetative features that
initially responded positively to treatm ent
returned to control levels within 3 years (Blakely
et al. 1990).

IMPLICATIONS

Results of these studies implied that abun
dance and productivity of California quail in
western Oregon were related closely to vegetative
com munities, particularly to certain exotic
plants, and the stage of plant succession. Stands
with abundant food supplies of largely exotic
species of legumes (deervetch, peavine, vetch,
Scot's broom, and clover) and several other groups
(wild carrot, teasel, sorrel, and dandelions) and
adequate amounts of cover (also of primarily in
troduced p lants such as blackberries , Scot' s
broom , and apple), were favored habitats for
California quail. Contrastingly, areas with dense
stands of grass, in the form of either agricultural
fields (e.g. , ryegrass or fescue) or naturally occur-

Table 3. Abundance and productivity of California quail on treatment and control sites, E. E. Wilson Wildlife Area ,
OR, 1976-78 (from Oates and Crawford 1983).
Number of observations
Category
Seasonal transects 0
Birds
Summer censuses
Adults
Chicks
8

Disked

Food plots

Wheat plantings

Control

451

293

56

151

47
71

46

5

45
18

11

11

Sum of seasonal counts from winter 1976 through spring 1978.
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ring stands, were used little by these birds. Bare
ground is apparently another characteristic fea
ture of California quail habitat in western
Oregon. Areas of bare ground afford travel lanes
for birds, serve as sites for production of early
seral plants used as food by quail, and may
facilitate detection of predators and allow main
tenance of visual contact with conspecifics. Bare
ground reflects the very earliest stages of secon
dary plant succession. Because abundance and
productivity of quail were related to availability
of key foods, land management practices that
encourage these foods presumably would benefit
q u a il . Conv ersely , p ractices th a t reduce
availability of these important forbs, such as use
of herbicides and other clean -farming techniques ,
may negatively impact populations.
Timing and amount of spring and summer rain
fall seemingly influence quail populations in
western Oregon by affecting the chronology of
hatching and, to a limited extent, recruitment of
young into the fall population. Quail populations
in this region, however, are relatively stable in
numbers and consistent in productivity compared
with populations in much of California. The
greater amount and consistency of rainfall in
western Oregon may affect quail productivity
through more consistent production of key foods.
Like other species of wildlife, California quail
are a product of land-use practices within their
habitat. Results of our studies indicated that
plantings of wheat or corn and sudan grass were
not particularly beneficial for California quail and
neither management method was as effective as
disking in encouraging early seral forbs eaten by
these birds. This work also revealed that both
disking and burning encouraged production of
important food forbs and, by implication, it is not
necessary to seed these legumes or other food
species , which are widespread throughout the
Willamette Valley. Disking allows for production
of more desirable foods at less cost than does
planting of legumes or grains. California quail
relied on blackberries to a great extent for escape,
roosting, and loafing cover and secondarily for
food. In the Willamette Valley, blackberries seem
ingly are an essential habitat component. In some
areas, however, blackberries may form very large
stands ; in these cases, thinning of blackberries by
bulldozing or burning may be desirable to achieve
a favorable balance of food and cover. Blackber
ries are common landscape features in the Wil
lamette Valley and form hedges along ditches,
fencerows , a n d ra ilroad tracks. Com monly ,
agricultural crops abut blackberry hedges. Such

areas typically support quail populations but
often are lacking in abundant year-round food
supplies. Disked strips (no more than 2 m wide)
between blackberry stands and agricultural crops
will provide proportions of food and cover capable
of supporting larger populations of California
quail.
Our studies revealed that California quail at
the Wilson WA were associated with early stages
of plant succession and relied heavily on intro
duced plants for food and cover. Reliance on early
seral and nonnative vegetation for primary food
and cover needs may explain why these birds that
evolved in semiarid lands were not native m
habitants of the Willamette Valley.
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SYMPOSIUM WRAP-UP: WHAT IS MISSING?
ROBERT J. ROBEL, Divi s i o n of Bio logy, Kansas State U nive rsity, Manhattan , KS 665 06-490 1
Abstract: The program committee requested that I provide a symposium wrap-up. Generally such presentations

provide 1 individual the opportunity to summarize and integrate the information presented during the meeting .
That overview i s often helpful, i f there are several concurrent sessions o r i f most o f the attendees spend their time
interacting in the hallways and, thus, miss some of the presentations. Also, the wrap-up speaker can congratulate
the organizers of the meeting for a job well done . I intend to neither sum marize the information presented nor
thank the organizers for doing a good job. Neither of these is necessary, because you all attended the majority of
presentations and can summarize and integrate the data in your own head; the fact that the sessions were so well
attended attests to an extremely good job done by the organizing committee . So, rather than doing what is not
necessary, I intend to discuss what was missing in this symposium, the problems that were not addressed in the
papers, and the data gaps that must be filled if we are to successfully manage quail populations in North America.
From my perspective , these fall into 6 categories.

Citation: Robel, R. J. 1993 . Symposium wrap-up : what is missing? Pages 156-158 in K. E. Church and T. V. Dailey,
eds. Quail I I I : national quail symposium . Kansas Dep. Wildl. and Parks, Pratt.

Predation and H u nting

When most of us attended college to receive our
professional training , we were taught that
predators fed on the sick, the old, and the weak.
In fact, we were taught that predators were
beneficial to wildlife populations, because they
removed the less fit individuals. Certainly, we
were never taught that predators were harmful to
the well-being of wildlife populations, i.e. ,
predators merely removed excess individuals
from the population, those that would most likely
die anyway. We were also taught that humans
acted similarly to predators and removed surplus
game when they hunted during legal seasons.
Hunting mortality was compensatory mortality,
"Hunters kill those animals that would have died
naturally; therefore, hunting does not adversely
affect wildlife populations. " Research conducted
during the past 2 decades does not entirely sup
port these concepts. Predators can severely im
pact wildlife populations, especially ground-nest
ing birds. And, legal hunting mortality can eat
into the breeding stock of wildlife populations by
being additive rather than compensatory. These
deleterious impacts are normally more likely to
occur as quality habitat decreases and habitat
fragmentation becomes more widespread. In
today's setting, what are the effects of predation
and hunting on North American quail popula
tions?

D iseases and Paras ites

We also were taug h t that diseases and
parasites, like predation and hunting , seldom
were problems for wildlife populations in good
habitats. That may have been the case 30 years

ago; however, wildlife populations are no longer
in unaltered high quality habitats. We are
restricting wildlife populations to isolated
habitats; contaminating their habitats with
agricultural chemicals and industrial pollutants;
invading their pristine ranges with homes, roads,
and other bits of civilization; upsetting their gene
pool s by introducing e xotic specie s and
transplanting game animals; and forcing wildlife
to mingle with domestic livestock as we expand
our use of the remaining habitat. How do these
events alter the effects of pathogenic organisms on
wildlife? How does the stress of human intervention
alter the immunosuppression systems of game
species? Specifically, what are the effects of the
above alterations on susceptibility and vul
nerability of quail to diseases and parasites, and
how do these factors alter the reproductive respon
siveness of North American quail?

Hab itat Loss

We are all aware of the loss and alterations of
habitat for quail in North America. Farm sizes are
increasing , urban expansion is widespread ,
agricultural practices are changing, vegetative
composition in agricultural and forest areas has
been altered by herbicide applications, and insect
populations have been drastically reduced and/or
changed in composition by insecticide use. Long
term studies have not been conducted to deter
mine effects of these events on wildlife popula
tions at the local level, much less at the national
level. What are the effects of habitat alteration
and fragmentation on quail populations in North
America?

167

National Quail Symposium Proceedings, Vol. 3 [1993], Art. 33
Symposium Wrap-up-Robel

We must also address the large picture. How do
farm and forestry policies affect quail popula
tions, and how can these policies be modified or
formulated to benefit quail populations in North
America? What are the economic values (local and
nationwide) of quail populations and how can
those values be melded into state and federal
programs to foster healthier populations? How
can interest groups help develop these policies
and assure that the necessary legislative
guidelines be adopted and programs initiated?
Biopolitics must become an integral tool of the
wildlife manager; it is a necessary means to a
desired end. What is the most effective way to
develop policies and programs to benefit quail
populations in North America?

Long-term Data Sets

Wildlife journals and agency files are replete
with 1- to 5-year data sets. Where are the 20- and
30- year data sets? When we try to assess long
term changes in quail populations in North
America , we discover the absence of long-term
sets of reliable data . Few wildlife agencies collect
population data today ; rather, they rely on har
vest trend data that are unproven indices to
populations. The long-term quail data sets that
were being accumulated in Wisconsin, Illinois,
and Kansas have been terminated. Even where
states have collected population data on quail for
several years, the usefulness of the data is limited
by a lack of uniformity in collection techniques
and noncompatibility of state-to-state data. Ef
forts must be devoted to developing meaningful
population survey techniques for North American
quail , then standardizing and adopting those
techniques nationally. Without solid data, how
can we monitor trends? How can we determine
impacts of agricultural policies on quail popula
tions? How can we determine if any of our efforts
are beneficial to quail populations?

Changi ng Social Values

During the last 50 years, the demographics of
the human population in the United States have
changed. In 1910, 53% of our population lived in
rural areas; in 1992, only 23% of the population
was classed as rural. Additionally , in 1910 35% of
the population was actively involved in farming ,
whereas , in 1992 only 2% actively farmed. This
change in demographics has resulted in fewer
citizens having close contact with wildlife and the
workings of nature. A vocal minority of the U.S .
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population objected to hunting in the 1940's and
1950's. This minority grew in the 1960's and
1970's and was joined in the 1980's by those who
objected to any use of animals by humans. These
2 groups, commonly referred to as antihunters
and animal rights activists , are amassing enor
mous strength in North America . At least 400
separate groups are active in the antihunting and
animal rights movements and their combined an
nual budgets exceed $250 million. Many of them
are idealistic zealots who believe the ends they
seek to achieve justify any means. Some of the
extremists in their ranks use terroristic acts to
further their cause. They are actively infiltrating
the educational system with their philosophies
and, if allowed to continue, will likely be success
ful in eliminating legal hunting in many prime
areas of quail range in North America. Most of the
funds for game managem ent and research
originate from sales of hunting licenses and taxes
on hunting equipment. What will be the economic
impact of decreased sales of hunting licenses and
equipment on the managem ent of N orth
American quail populations? How will passage of
biodiversity legislation affect our efforts to
manage habitat for specific species of quail?

Bas ic Biology

Strange as it seems, we know little about the
basic biology of quail. We extrapolate nutrient
requirements from poultry to quail with little
regard to their validity . Even though the northern
bobwhite (Colinus uirginwnus) has been studied
extensively , little work has been done to under
stand the basic biology of the bird and even less
is known about the biology of the western North
American quail. We do not even know the essen
tial amino acid requirements of most quail
species. How can we really determine the quality
of quail habitats when we do not understand the
macro- and micronutrient needs of quail? What do
quail chicks require to provide them a speedy
start in life , and which insect species will provide
those requirements? Just how do agricultural
chemicals and industrial pollution alter the many
metabolic and enzymatic pathways in North
American quail? The internal workings of a com 
plex computer is far less complicated than the
biochemical system of a quail , yet much more time
has been invested in developing computer
programs to simulate quail management schemes
than has been spent to understand the internal
workings of a quail -any quail .

168

Church and Dailey: Full Issue
1 58

WHAT NEEDS TO BE DONE?

Each of the prececling areas needs to be ad
dressed before we can knowledgeably manage the
quail populations of North America. I believe we
all agree that some North American quail popula
tions are declining and, unless efforts are made to
reverse those trends, viable quail populations
that can withstand moderate hunting mortality
will not be widespread. We can liken some quail
populations to a patient in declining health. The
symptoms of declining health in our quail popula
tions are declines in numbers and reduced ability
to quickly recover from low population levels.
Releasing pen-reared birds into the environment
is treating the symptoms, not curing the patient.
We must fully understand the cause of the prob
lem, then correct it. Essentially we must cure the
patient of the disease not merely bandage the
injury. However, to do so requires that we address

Quail Ill

each of the 6 issues that we did not address in th is
symposium. It will not be an easy task, nor can we
expect to accomplish the job in 2 or 3 years. Some
quail populations have been on the decline for
more than 2 decades; it will require at least that
amount of time to understand the causes of those
declines and institute corrective measures to
reverse the trends. There is so much to do, and so
little time. If we do not begin now, the huntable
quail populations of North America will be only
memories or historical anecdotes by the early part
of the 2 1st Century. Each of us has a role to play
in the battle to preserve viable quail populations
in North America. State and federal agencies,
private organizations, biologists, and sportsmen
and sportswomen must coordinate their efforts in
this important task. To do otherwise is to abrogate
our responsibility.
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APPENDIX A. STRATEGIC PLANNING WORKSHOP
STRATEGIC PLAN FOR QUAIL MANAGEMENT AND RESEARCH IN
THE UNITED STATES: INTRODUCTION AND BACKGROUND
LEONARD A. BRENNAN, 1 De partm ent of Wi ldlife and Fisheries, PO Drawe r LW, M ississippi State
Un iversity, Mississippi State, MS 39762
Abstract: I assessed the current, broad-scale status of populations, research , and management for 6 species of
quail in the U.S., and used this information as an introduction , background, and justification for a national
strategic planning effort for quail management and research . Long-term (1960-89) trends determined from
Christmas Bird Count data indicate that California quail (Callipepl,a californu;a), northern bobwhite (Colinus
virgini,anus), and scaled quail (Callipepl,a squamata) populations have undergone (P < 0.05) declines. Geographic
distribution of mountain quail (Oreortyx pictus) has contracted dramatically in the northeastern portion of this
quail's range. Neither Gambel's (C. gambelii) nor Montezuma quail (Cyrtonyx montezumae) showed evidence of
long-term increases or decreases. Wildlife professionals have apparently paid scant attention to quail in the U.S.
during the past 1 0 years. A recent survey of Wildlife Review indicated <0.2% of the publications pertained to quail.
During 1990, < 1 .0% of Federal Aid in Wildlife Restoration funds were allocated to quail-related projects. Habitat
management by the private sector is apparently having little broad-scale impact on bobwhite populations.
Contemporary quail management efforts in the U.S. are clearly in the doldrums and in dire need of leadership
from professionals with a creative vision for solving problems caused by changing land-use practices. These factors
point to a critical need for a n ational strategic planning effort to develop a comprehensive, coordinated program
for quail management and research. An outline of the structure of the Strategic Planning Workshop that was held
at Quail III is provided. Specific management and research problems and associated strategies for solving them
are available in Issues and Strategies, which follows (page 181).
Key words: California quail, Callipepl,a californu;a, C. gambelii, C. squamata, Christmas Bird Counts, Colinus
virgini,anus, Cyrtonyx montezumae, Federal Aid in Wildlife Restoration , Gambel's quail, literature , management,
Montezuma quail, mountain quail, northern bobwhite, Oreortyx pictus, population trends, scaled quail.
Citation: Brennan , L. A. 1 993 . Strategic plan for quail management and research in the United States:
introduction and background. Pages 160-169 in K. E. Church and T. V . Dailey, eds. Quail I I I : national quail
symposium. Kansas Dep. Wildl. and Parks, Pratt .

Quail that are native to the conterminous 48
states (!'able 1, Fig. 1) clearly hold the fascination
of hunters and naturalists. Settlers from Europe
brought with them a rich tradition of hunting
"partridges" and adapted these rituals to the dif
ferent species and habitats of game birds they
encountered in the New World. Quail hunting
style reached the highest levels of sophistication
in the southeastern United States where vast
tracts of land were, and in some places still are,
intensively managed for northern bobwhite.
There once was a time when good quail hunting
was available , virtually free of charge, to anyone
who lived within the southern half of North
America. Today, unfortunately, this is not the
case. Changing patterns of land use have had a
dramatic, and mostly negative impact on virtual
ly all species of North American quail. Modern
agriculture and forestry practices, and the ever
increasing expansion of suburbanization, have
1 Present address: Tall Timbers Research Station ,
Route 1 , Box 678, Tallahassee , FL 323 1 2-9712.

Table 1. Common and scientific names of quail ad
dressed in this plan. 8
Scientific name
Common name
California quail
Gambel's quail
Masked bobwhite
Montezuma quail
Mountain quail
Northern bobwhite
Scaled quail
0

Callipepl,a californu:a
Callipepl,a gambelii
Colinus virgini,anus ridgwayi
Cyrtonix montezumae
Oreortyx pictus
Colinus virgini,anus
Callipepl,a squamata

Maps of geographic ranges provided in Fig. 1 .

taken a tremendous toll on populations of native
quail.
This paper assesses the current status of 6
species of quail in the United States (!'able 1 , Fig.
1). My objectives are to assess: (1) research trends,
(2) effort and funding allocated to quail manage
ment by federal and state agencies and the
private sector, (3) broad-scale population trends,
and (4) the role of quail in the larger scheme of
wildlife management and research during the
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A. CALIFORNIA QUAIL

C. MONTEZUMA QUAIL

E. NORTHERN BOBWHITE

B. GAMBEL'S QUAIL

D. MOUNTAIN QUAIL

F. SCALED QUAIL

Fig. l. Current approximate geographic ranges of6 species of quail in the U.S., modified from L€opold et al. (198 1 ) ,
American Ornithologists' Union (1 983), Johnsgard (1 988), and Brennan (1990).
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1990' s. I also provide a back ground for issues and
strategies addressed beginning on page 1 8 1 .
This paper is dedicated t o m y mentor, col
league, and friend Stephen E. Wright, who in
spired me to pursue a career in the natural
resource sciences. Special thanks are extended to
K. E. Church, T. V. Dailey, and the Quail III
Program and Steering Committees for the oppor
tunity to develop this material. K. E. Church and
W. E. Manci provided key editorial guidance in
structuring the content of both this paper, and the
companion paper on issues and strategies. Com
ments by R. W. Dimmick, G. A Hurst, B. D.
Leopold, J. L. Roseberry, and R. J. Gutierrez were
also very helpful. Support was provided jointly by
the Department of Wildlife and Fisheries at Mis
sissippi State University; the Mississippi Depart
ment of Wildlife, Fisheries and Parks; the Oktib
beha Chapter and the National Office of Quail
Unlimited. J. Lowe of the Cornell Laboratory of
Ornithology kindly provided the computerized
version of Christmas Bird Count (CBC) data. J.
Heard of the Department of lnformation Services
at Mississippi State University drew the figures.
J. M. Lee, R. S. Fuller, and S. W. Manley assisted
in numerous ways. S. J. Stultz compiled the sum
mary of titles on quail research from Wildlife
Review. C. Wasson and C. Hillhouse provided
secretarial support. T. L. Pruden assisted with
proof-reading and provided editorial advice.

RESEARC H LITERATURE
Johnson ( 1 983) published a summary of titles
on quail listed in Wildlife Revi.ew from 1935 to
1982. I added to Johnson's summary by compiling
an additional 9 years of titles from Wildlife
Review to determine if there had been any change
in (1) the number of papers published on quail, or
(2) the percentage of wildlife literature devoted to
quail during the past 9 years. Despite an ex
plosion of wildlife-related titles during the 56
years from 1935 to 199 1 (Fig. 2A), the number of
papers on quail has steadily declined (Fig. 2B).
Likewise, the percentage of wildlife literature on
quail has undergone a nearly exponential decline
from 1935 to 1982. This decline continued during
the next 9 years (Fig. 2C).
Additionally, I performed a computer search of
the Current Research Inform ation System
managed by the USDA Cooperative State Re
search Service. This data base provides computer
access to research projects being conducted by
scientists at Land- grant University Agricultural
Experiment Stations. I searched for studies relat-
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Fig. 2. Trends in publications produced from quail
research projects, 1935-91, based on a survey of titles
in Wildlife Review (WR). (A) number of wildlife publi
cations listed in WR 1935-91, (B) number of publica
tions on quail listed in WR, 1935-91, (C) percentage of
total number of publications in WR pertaining to quail,
1935-91. Data for 1935-82 compiled by Johnson (1983),
remaining data compiled for this study.
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ing to quail and associated farm wildlife research
co nducted in agricultural enviro nmen ts . Of
>30,000 projects , only 5 contained information
that was specifically related to quail, or addressed
quail-related topics in the larger scheme of farm
wildlife.

MANAGEMENT
The recent summary of Federal Aid in Wildlife
Restoration Activities compiled by Stephens
( 1990) provides a convenient window to access
information on quail activities on a state-by-state
basis . Although some states-such as Mississippi,
Missouri , and K ans as -support or supplement
qu ail m anagement activities with state ap
propriations, Federal Aid summaries provide a
good index of where quail-related projects rank in
relation to other wildlife projects.
I categorized 770 Federal Aid in Wildlife Restora
tion projects summarized by Stephens (1990) into 8
groups (Fig. 3). Projects related to quail made up
only about 3% of the number of projects supported
by Federal Aid monies during 1 990 (Fig. 3). Projects
related to big game, and nongame and endangered
species are receiving the most attention. Addition
ally, >$40,000,000 were spent in 1 990 for Federal
Aid activities, while allocations to quail were
<$500,000, or about 1. 25%
The USDA Forest Service and USDI Bureau of
Land Management are developing programs to
enhance quail habitat and populations on public
lands. For example, USDA Forest Service ( 199 1)
lists their "Answer the Call" program of quail
habitat management as having a potential of $2. 1
million in FY 92. This 5-year program identifies
18 million ha of quail habitat on National Forest
and Grass lands . Whether this program will
develop into a broad-scale , cooperative program
involving state wildlife agencies and private in
terest partners such as Quail Unlimited (QU)
remains to be seen. The USDI Bureau of Land
Management is also taking a serious , comprehen
sive look at quail and game-bird management.
They have produced an impressive document
(Sands and Smurthwaite 1 992) outlining a pro
gram that has planned the dis tribution of $45
million in funds for game-bird habitat enhance
ment between 1992 and 2000.
The QU o rg a n i z a tion h as experien c ed
phenomenal growth i n membership and as
sociated monies raised for habitat improvement
projects during the past decade. From 1 98 1 to
199 1 , membership soared from 1,000 to nearly
45,000 (QU National Office, unpublished data,
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Fig. 3. Categories of Federal Aid in Wildlife Restoration
proj ects funded during 1 990. Data compiled from
Stephens (1990).

Fig. 4). Evidently, there is a large pool of people
in the private sector who are concerned about
quail and want to do something positive to en
hance this resource. However, the huge growth in
QU membership and associated activities of QU
chapters have apparently had little or no impact
on reversing the broad-scale decline northern
bobwhite populations have experienced (Fig. 4).
Clearly, efforts of QU have been insufficient to
overcome widespread deterioration in bobwhite
habitat caused by land-use changes in agriculture
and forestry. Despite this, the large and growing
QU membership indicates that there is a tremen
dous amount of interest in quail within the
private sector.

POPULATION TRENDS, SPECIES
STATUS REPORTS, AND
LAND-USE ISSUES
I used Christmas Bird Count (CBC) data from
1 960-89 to assess broad-scale trends of quail
populations in the U.S. Arbib ( 198 1) provides a
description of CBC methodology. These data were
standardized by dividing raw counts by the num
ber of terres tri al party -hours. Trends were
evaluated using simple linear regression of stand
ardized count data using year as the dependent
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QUAIL UNLIMITED AND BOBWH ITE TREN DS
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Fig. 4. Comparative trends in Quail Unlimited (QU) membership and northern bobwhite populations, 198 1 -9 1 .
Bobwhite trends based o n Christmas Bird Count data from the southeastern region o f the U.S. published by
Brennan (199 1 ) . QU membership data furnished by the QU National Office.

variable. If slopes of the regression analysis had
an associated P value <0.05 they were considered
different from 0.

Cal ifornia Quai l
The California quail is the most widely-dis
tributed of the western quails (Fig. lA). Its dis
tribution throughout low and mid-elevation
h abitats in C aliforn ia, Oregon , Idaho, and
Washington puts it in the proximity of most avid
western quail hunters. Thus, there is probably
more dem and in the form of hunter days for pur
suit of California quail than any other western
species . Currently, 1 of the m ajor issues facing
California quail populations is the controversy
over the status of oak (Quercus spp.) woodlands
in California. Whether or not oak woodlands in
California are classed as commercial forests has
great bearing on future management options for
this quail. The California quail is clearly the most
well-studied of all western quail. Leopold (1977)
provides a full account of the biology and ecology
of the species. CBC data indicate that California

quail populations have exhibited a significant,
long-term population decline since 1960 (Fig. 5A).

G a m be l ' s Quai l
The Gambel's quail is a desert-adapted analog of
the California quail (Fig. lB). Unlike California
quail, its distribution and movements are not tied
t-0 availability of, or access to, free surface water. It
is 1 of the primary game birds in the state of
Ariwna, and is also important in southern Califor
nia and New Mexico. Population abundance is
profoundly influenced by rainfall patterns. Al
though relationships are not entirely clear, cattle
grazing and land-use patterns also play a major role
in year-to-year abundance of Gambel's quail and
associated hunting opportunities in the arid south
west (Brown 1989). Apparently, ungrazed or light
ly-grazed habitats are able to support greater num
bers of birds during the winter pericxl than heavily
grazed areas (Brown 1989). Christmas Bird Count
data indicate that Gambel's quail populations have
apparently remained stable for the past 31 years
(Fig. 5B).
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Fig. 5. Quail population trends in the United States based on 31 years of Christmas Bird Count data.

Montezu m a Quail
Leopold and McCabe (1957) summarized the
natural history of this species. Montezuma quail
received very little attention from the research

community until Stromberg (1990) studied move
ments and quantified habitat structure. This
quail is closely associated with the tall grass un
derstory of pine-oak woodlands.The center of its
geograph ic distribution is in Mexico (Fig. IC).
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Excessive grazing has had a long-tenn , mostly
negative, impact on Montezuma quail across
much of its range. Brown ( 1989 : 1 16) pointed out
that the "effects of grazing on Mearn's (1\fon
tezuma] quail populations has long been recog
nized but not understood." This was apparently
because some workers (e.g . , Wallmo 1954) ob
served that there were certain situations where
Montezuma quail populations were lower on un
grazed areas than they were on adjacent, grazed
areas. Others, however, have concluded that graz
ing destroys key food sources (e.g., Leopold and
McCabe 1957) and has extirpated this species
from large regions of its historic range (e. g . ,
Miller, 1943). In the U.S. , populations of Mon
tezuma quail have apparently remained stable
after reaching a peak of abundance during the
mid- 1 9G0's (Fig. 5C). Population stat.us of Mon
tezuma quail in Mexico is unknown.

Mou ntai n Quail
The mountain quail remains the least-studied
of native North American quail. Basic habitat
relationships are known and have been quan
tified in portions of its geographic range. Brennan
and Block (1986) provided the first reliable es
timates of population density, and Brennan et al.
(1987) quantified the structure of hnbit.ats used
across northern California. Gutierrez ( 1 980)
provided evidence to eliminate the myth that
standard management. practices used for Califor
nia quail were also appropriate for mountain
quail. Numerous factors need to be addressed in
light of the widespread declines and local ext.inc
tions that have been documented on the north
eastern edge of this quail's range (Brennan 1H90).
Formerly distributed throughout much of
southern and western Idaho, the species is now
largely extinct in that region (Fig. lD). Despite
local extinctions in Idaho, there apparently has
not been a long-term decline in mountain quail
numbers elsewhere (Fig. 5D) . The fact that many
populations undergo long (perhaps at times >50
km) altitudinal migrations between breeding and
wintering h abitats must be considered rn
management strategies for this quail.

North ern Bobwh ite
The northern bob,vhite remains the most wide
ly-distributed North American quail (Fig. lE).
Despite this wide distribution, populations have
undergone significant declines in >75% of the
states within the geograph ic range of the
bobwhite (Droege and Sauer 1 990, Brennan
1991). Overall, declines in bobwhite populations

are the most precipitous of the 3 species that are
declining in the U.S. (Fig. 5E). On a regional basis,
the most precipitous declines have occurred in the
southeastern region of the U.S. (Brennan 1991).
This is especially disturb ing because the
southeast has historically been associated with
good bobwhite management and abundant
populations.
The northern bobwhite is 1 of the most studied
game birds in the world; nearly 2,800 titles are
cited by Scott ( 1985). This quail has been the
subject of 3 maj or book-length monographs (Stod
dard 193 1 , Rosene 1969, Roseberry and Klimstra
1984). Brennan (1991) outlined 1 opinion about
the northern bobwhite decline and potential solu
tions.
l\faslwd bobwhite. ----Although this quail is a
subspecies of the northern bobwhite, it has
received an enormous amount of attention be
cause of its limited distribution, highly special
ized habitat requirements, and status as an en
dangered species. Brown (1 989) provides a com
prehensive review of factors responsible for the
decline of populations, and various attempts at
population recovery. Curiously, at least 2 at
tempts at population reestablishment nearly met
with success but were thwarted when cattle were
allowed to return to and graze in habitats oc
cupied by this quail. A decision by the Fish and
Wildlife Service to purchase a parcel of critical
habitat and establish a cattle-free refuge in
southern Arizona has been central to success of
the most recent population recovery efforts.
Nevertheless, the masked bobwhite continues to
hang by a slender and fraying thread over the
abyss of extinction. If there is a single, unifying
purpose of this plan, it is to prevent other species
of North American quail from meeting a fate
similar to the 1 faced by the masked bobwhite.

Scal ed Quai l
The scaled quail is distributed throughout the
western half of Texas; most of New Mexico; and
parts of Arizona, Oklahoma, Kansas, Colorado,
and central Mexico (Fig. lF). It has been the
subject of 2 monographs that address habitat
ecology (Schemnitz 196 1), effects of hunting , and
other environmental factors (Campbell et al.
1973). Like other members of the genus Cal
lipcpla, and northern bobwhite in portions of
Texas , scaled quail populations undergo dramatic
fluctuations in relation to rainfall patterns.
Climatic variation and habitat conditions are the
2 primary factors that influence scaled quail num
bers (Campbell et al. 197:3) . Although removal of
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dense shrub stands on ridges can be used as a
strategy to improve habitat for scaled quail
(Brown 1989), homogenous grasslands without a
shrub component are usually unsuitable for
scaled quail (Schemnitz 1 96 1 ) . Scaled quail num
bers have declined significantly since 1960 (Fig.
5F). Reasons for this decline are largely unknown.

SYNTHESIS
Based on the foregoing information, it is clear
that quail populations in the United States are
facing widespread, serious problems, not the least
of which is a lack of attention by the research
comm unity. Wildlife professionals have ap
parently paid scant attention to quail populations
during the past 10 years. Efforts from the private
sector are clearly having no impact on slowing or
reversing a broad-scale long-term decline in
bobwhite populations.
Historically, with the exception of traditional
quail plantations in the South and scattered ef
forts in Texas and the Midwest, quail manage
ment in the U.S. has been characterized by a
laissez-faire approach. This worked fine when
land uses in agriculture and forestry were com
patible with producing abundant, huntable
populations of quail. However, now that abun
dant quail populations are no longer a by-product
of land use, 4 species of quail in the U.S. are
declining or experiencing range reductions. Al
though wildlife agencies are beginning to take
notice of the problem, much of the quail hunting
_
public seems to be either unable or unwilling to:
( 1) undertake broad-scale quail habitat enhance
ment projects, or (2) bring political pressure to
b �ar on state and federal agencies so that they
will make quail management and research a
priority. Bird watchers and others who value non.
consumptive aspects of the quail resource should
also get involved in raising awareness about quail
problems.
Furthermore, current policy in the agricultural
and forestry arenas seems to be exacerbating the
problems quail face in many areas. Despite
economic incentives within the Conservation
Reserve Program (CRP) for taking land out of
agricultural production and therefore reducing
erosion and pesticide use, criteria for compliance
(e.g. , noxious weed control, high-density planting
_
of pme) may actually be decreasing quail habitat
quality on a broad scale. Landowners who par
ticipate in CRP or other set-aside programs have
virtually no economic incentive to perform com
prehensive quail habitat management actions
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such as strip-disking or prescribed burning .
Below-market fees for cattle grazing in the arid
West is another example of a policy that continues
to have devastating effects on quail.
Clearly, contemporary efforts at quail research
and management are floundering in the
doldrums. Despite localized, isolated case his
tories of quail management successes such as the
recent increase in masked bobwhite on Buenos
Aires National Wildlife Refuge, or apparent
stabilization of northern bobwhite numbers in
Texas and a few Midwest states (Droege and
Sauer 1990, Brennan 1991), the outlook for quail
is relatively bleak. This prognosis can be reversed
if wildlife professionals and natural resource
policy-makers do a complete about face and begin
to make quail management and research a
priority. These problems, and the strategies for
their solution identified at this symposium , are
examples of efforts to raise awareness of the
wildlife profession and natural resource policy
makers about the current quail situation.
Priorities need to be changed, and additional
resources must be allocated to enhance quail
programs, and ultimately populations. If not, the
huge interest in big game, and other wildlife is
sues, will most likely continue to siphon away
resources that might otherwise be allocated to
making quail research and management a high
priority entering the next century. Perhaps Quail
III and the associated Strategic Planning
Workshop will inspire more members of the
wildlife community to take creative, comprehen
sive, integrated management actions, and con
duct and publish original research on wild quail.

GOALS, PURPOSE, AND
OBJECTIVES OF THE
WORKSHOP
The main reason for conducting the Strategic
_
Plannmg Workshop was to establish a national
framework for guiding policies that influence quail
management and research. The 4 goals of the
workshop were to: ( 1) identify factors responsible for
declines in populations of native, wild quail in the
U.S. ; (2) identify specific solutions, when known, to
factors that are either causing quail populations to
decline or preventing their increase; (3) identify
strategies that can be used to sustain and increase
quail populations in the U.S. in light of changing
land-use practices; and (4) increase awareness of
issues that affect quail with respect to changing
land-use practices in agriculture, forestry, and ex
panding urbanization.
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The purpose for conducting this workshop was
to provide a forum for people to discuss and help
solve problems that affect quail in the U.S. This
document should be useful for natural resource
managers, biolog ists , resea rchers , ad
ministrators, and private interest groups, such as
Quail Unlimited. It can be used as a basis for
prioritizing local and regional efforts to enhance
quail populations and habitats. It can also be used
as a mechanism for identifying gaps in our basic
know ledge about quail pop ulation and habitat
ecology in the U.S. This plan can be used to
prov ide objective informa tion about quail
problems to administrators, policy-makers, and
other people who influence resource management
decisions.
The objective of the workshop was to produce a
document which contains a smorgasbord of major
issues and opportunities that pertain to quail
management and conservation as we enter the
2 1 st Century. With the exception of identifying
major issues that pertain to all species of wild
quail, there was no effort to prioritize particular
issues or strategies. Prioritization of issues that
affect quail , and strategies for implementing
specific solutions to these issues, is the domain of
the technical staff within each state and federal
agency, and nongovernmental organizations that
have quail management responsibilities.

STRUCTURE OF THE
WORKSHOP
The workshop was organized into groups
aligned with 5 broad categories. These groups
identified issues and associated management or
research strategies that relate to particular
species of quail. Information presented in and
discussed at the workshop was structured accord
ing to the needs of native quail in the U.S. as they
relate to broad categories of land use. The 5
categories were: (1) agricultural practices and
pesticides, (2) forest practices, (3) grazing and
range management, (4) releases of pen-raised
quail, and (5) population dynamics and effects of
hunting.
These broad categories were chosen because
they have profound implications for many species
of quail, are aligned with the major land-use prac
tices that influence qua il populations, and
tra nscend taxono m ic bou nda ries . Some
categories have a strong regional flavor, such as
the liberation of pen-raised bobwhite in the
Southeast, or effects of cattle grazing on quail in
the West. Other categories, such as population

Quail III

dynamics, clearly pertain to all species. Addition
ally, a separate section of this document contains
a list of general issues applicable to all species of
quail in the U.S.
The workshop began with a brief general meet
ing and overview, and then divided into 5 dif
ferent sessions. Depending on the category, be
tween 3 and 5 scientists or managers with well
established backgrounds in each particular topic,
and familiarity with the species of quail most
likely to be impacted, developed a topical outline,
chaired each session, and guided discussion. Par
ticipation in a particular workshop group was
open to any person attending Quail III.

STRUCTURE OF THE PLAN
An issue-strategy structure is used throughout
the body of this Strategic Plan. This structure
helped identify and explicitly state management
issues or information gaps in our knowledge about
wild quail in the conterminous 48 states. These
issue statements were then followed with
strategies that could be used to: (1) solve the
problem or (2) collect information required to
make informed management decisions about the
p articular issue. As stated below , spec ific
mechanisms for implementation of solutions will
be left to state and federal agencies, and private
organizations interested in quail conservation
and management.

IMPLEMENTATION OF
SOLUTIONS
This plan contains broad, rather than specific,
information about how solutions to issues that
affect quail should be implemented. When
strategies for implementation are mentioned,
they are outlined in general terms. This is inten
tional. There are >40 state and federal resource
management agencies that are mandated to con
serve and enhance quail resources within their
particular jurisdictions. Additionally, there are
hundreds of private conservation groups inter
ested in myriad issues relating to q u a il .
Mechanisms for setting policy, establishing
budgetary priorities, and responding to political
pressure from user-groups vary widely among
state and federal resource agencies that have
quail management responsibilities. Therefore, it
would not be practical, much less possible, within
the limited space available, to list specific, local
ized strategies for implementing solutions to the
issues outlined in this document.

179

National Quail Symposium Proceedings, Vol. 3 [1993], Art. 33
Appendix A. Strategic Planning Workslwp

Implementation of strategies to quail manage
ment issues should be done on national, regional,
and local scales by the particular agencies and
organizations that have responsibilities and in
terests in quail conservation and management.
Each agency or organization with quail manage
ment mandates and responsibilities must tailor
specific prioritization of issues and implementa
tion of strategies to political pressure and avail
able resources of the domains within which they
operate.
Strategic plans such as this must be recognized
as interactive documents. They should be updated
and refined according to accomplishments of ob
jectives and new management issues (Goodstein
et al. 1 992). Keep in mind that each working
group was charged with identifying particular
issues and associated strategies for solving them.
Outlines of specific management objectives, such
as attaining a sustained annual harvest of a
specific number of quail on a given area or within
a given state are not part of this plan. This plan
is not intended to represent formal policy per se,
but to guide development of resource manage
ment policies that influence quail populations in
North America. Hopefully, it will be updated and
amended at the fourth national quail symposium
in 1997.
This version represents a comprehensive ap
proximation of issues affecting quail in the U.S.
d"1ring the 1990's. It reflects editorial scrutiny,
input, and professional expertise of 2 1 workshop
group leaders, > 250 workshop participants, inde
pendent reviewers, and editors of the Quail III
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proceedings. It is impossible to produce a strategic
plan that will be all things to all quail enthusiasts.
To some, this plan may seem unduly long and
complex, while others may perceive it as simple
minded and naive. Regardless, my goal was to
produce a plan that will influence people who are
not quail scientists, but are in a position to have
a positive impact on quail resources. There are
many cases where we are still uncertain about the
correct questions, much less the correct solutions
to issues affecting quail. Hopefully, this document
will force people to take a hard look at the major
issues influencing quail so that we can begin to
ask the right questions and develop solutions.
Aggressive management will be necessary on a
broad scale if we are to maintain huntable popula
tions of quail throughout North America. Classic
notions like "the birds will take care of themsel
ves" and "the more you shoot, the more you'll
have" must be replaced by thoughtful, well
planned, proactive management of both quail
populations and habitats.
Any attempt at effective management requires
a plan , and that plan must be based on a strategy
for achieving particular objectives or solving par
ticular problems. This document represents the
first, comprehensive attempt to develop a nation
al plan that can be used to maintain and enhance
populations of native wild quail in the U.S. No
doubt, it is a daunting task. However, continuing
the status quo and allowing these magnificent
game birds to slip through the cracks is, in my
opinion, an unacceptable alternative.
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STRATEGIC PLAN FOR QUAIL MANAGEMENT AND RESEARCH IN
THE UNITED STATES : ISSUES AND STRATEGIES
LEONARD A BRENNAN, e d . , 1 Department of Wil d life and Fisheries, PO Drawer LW, M ississippi State
Un ive rs ity, M ississippi State, MS 39762 1
Citation: Brennan, L. A., ed. 1993. Strategic plan for quail m anagement and research in the United States: issues
and strategies. Pages 1 70 - 182 in K. E. Church and T. V. Dailey, eds. Quail III: national quail symposium . Kansas
Dep. Wildl. and Parks, Pratt.

This portion of the plan identifies several broad
actions that can be implemented immediately. It
is followed by 5 sections on specific issues and
strategies: ( 1 ) agricultural practices and pes
ticides, (2) forest practices, (3) grazing and range
management, (4) releases of pen-raised quail, and
(5) population dynamics and hunting.

Issue 1 .0
POPULATION DECLINES
Widespread population declines and local extinc
tions of quail in the U.S. , along with the relative lack
of resources and attention allocated to these birds
are highly significant problems currently facing
natural resource management agencies.

Issue 2.0
ECONOMIC VALUES
Few contemporary data are available on the
economic values associated with consumptive and
nonconsumptive uses of native quail.

Strateg ies
2.1.---Perform research that quantifies con
sumptive and nonconsumptive economic values of
each species of North American quail on local,
state, regional, and continental scales.
2. 2. -Disseminate information on economics of
quail hunting to landowners, resource agency ad
ministrators, and state and federal legislators.

Strategies

Issue 3.0

J. J. -Develop a program for quail population
and habitat management and research modeled
on the Accelerated Research Program for the
Management of Upland Shore and Migratory
Game Birds described in Sanderson ( 1977). Enlist
support and cooperation of state and federal
resource mana gement agencie s , and n on
governmental organizations for such a com
prehensive program.
J . 2. --Develop cooperative working groups of
biologists and managers from state and federal
agencies and private conservation organizations
to direct management and research efforts. A
working group should be established for each
region of North America that supports quail.

LACK OF COMMON VOICE

1
Present Address: Tall Timbers Research Station,
Route 1 , Box 678, Tallahassee, FL 3231 2-9712 .

Constituency groups generally lack a single,
common voice and technical expertise to effective
ly address issues related to quail habitat and
population ecology and management.

Strateg ies
3. 1.-Form a national constituency group coali
tion that will promote strategic planning efforts,
influence the political process, and act as a clear
ing-house to provide information on access to
funding sources for research and management
projects.
3. 2. -Establish a centralized, structured ac
count within each state and have this account
administered by a state constituency group coun
cil. Constituency groups can develop competitive
proposals for habitat improvement or educational
projects and, after review and approval, fund
them from this account.
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Issue 4.0
DEALING WITH MYTHS
There are many widespread and persistent
myths held by resource agencies and the general
public about quail and quail management.

Strate g i e s
4. 1.-Use documented evidence of introduction

failures to convince state agencies that introduc
tion of exotic game birds is not cost-effective.

4. 2. --Encourage constituency groups to take an
active and aggressive stance against translocat
ing species of quail into regions and habitats that
are clearly not within their historic range.
4. 3. -Provide incentives for sponsorship of
short courses a n d semin a rs with resource
management agencies.
4. 4. -Provide incentives for wildlife specialists
to write popular newspaper and magazine articles
about quail management.
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AGRICULTURAL PRACTICES AND PESTICIDES
STEPH EN CAPEL, Virg i nia Department of Game and I nland Fisheri e s , 4 792 Anderson Highway,
Powhatan , VA 2 3 1 39
JOHN A CRAWFORD, Department of Fisheries and Wi ldlife , Oregon State Un ive rsity, Corvallis, OR
973 3 1
ROBERT J . ROBEL, Divi s i on o f Biology, Kansas State Un ive rsity, Manhattan , KS 66506-490 1
LOREN W. BURG ER J R. , The School of Natural Resources , University of M i ssouri, Col u m bia, MO
652 1 1
NICOLAS W. SOTHERTON , The Game Conservancy Trust, Fordingbridge , Ham pshire SP6 1 EF, UK.
Citation: Capel, S., J. A Crawford, R. J. Robel, L. W. Burger Jr. and N. W. Sotherton . 1993 . Strategic plan for
quail management and research in the United States: issues and strategies-Agricultural practices and pesticides.
Pages 1 72 - 1 73 in K. E . Church and T. V. Dailey , eds. Quail III: national quail symposium. Kansas Dep. Wildl. and
Parks, Pratt.

Agricultural practices have broad-scale in
fluences on quail populations. As time has passed,
these once positive influences have now become
largely negative. In spite of many problems faced
by quail in contemporary, clean farmed agricul
tural environments, numerous proactive manage
ment and research opportunities exist. The par
ticipants for the Agricultural Practices and Pes
ticides portion of the Strategic Pla nning
Workshop identified 3 broad categories of issues
that have the greatest potential to impact quail
populations in contemporary agricultural en
viron m e n t s : ( 1) general h abita t loss a nd
strategies for development and improvement, (2)
use and management of a gricultural chemicals ,
and (3) agricultural programs and policies.

Issue 1 . 1
HABITAT LOSS AND
STRATEGIES FOR
DEVELOPMENT AND
IMPROVEMENT
Extensive fanning practices and water develop
ment projects have eliminated vast areas of quail
h abitat and caused widespread fragmentation of
the remaining habitat.

Strateg ies
l. 1 . 1 -Establish and maintain quail manage
ment areas within watersheds that are impacted
by reclam ation projects.
1 . 1.2-Develop and implement inventory and
monitoring systems (e.g. , geographic information
systems) to identify the quality and extent of quail

habitat, particularly where h abitat has been
severely restricted.
1 . 1.3-Conduct research to determine minimal
and optimal sizes of management units and
pop ulations for quail in areas impacted by
reclamation projects and habitat fragmentation.
1. 1. 4-Conduct studies of quail productivity in
no-till and conservation till a gricultural lands
compared with traditional rowcrop and small
grain environments.
1. 1. 5-Encourage acceptance of low-input, sus
tainable agriculture (cf. , Robinson 1990), and use
working demonstration farms to show application
of economically practical quail h abitat manage
ment techniques.
1 . 1 . 6-Add wildlife to the list of traditional
beneficial uses of water.

Issue 1 . 2
USE AND MANAGEMENT OF
AGRICULTURAL CHEMICALS
Pesticides (e. g. , herbicides, insecticides, and
nematocides) directly and indirectly have adverse
effects on game-bird populations. However, suffi
cient data are lacking to clearly support or refute
the relationship between pesticides and quail.

Strateg ies
1.2. 1-Determine the chrect (e.g. , White et a l.
1990, Kilbride et al. 1992) and indirect (cf. ,
Sotherton et al. 1993) effects of pesticides on quail
populations.
1.2.2-Encourage agronomic methods and cul
tural practices that reduce quantities and change
temporal use of chemicals to mitigate their effects
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on quail populations (e. g. , Conservation Head
lands, sensu Potts 1986) .
1 . 2.3-Develop safe methods of applying pes
ticides.

I ssue 1 .3
AGRICULTURAL PROGRAMS
AN D POLICIES
Federal farm programs include practices that
severely limit the value of these programs for
quail. For example the CRP and other set-aside
programs include practices such as mandatory
mowing in summer, promotion of exotic cool
season grasses (e.g., tall fescue [Festuca spp.]),
emphasis on establishing tree monocultures, and
lack of management options (e.g. , strip-disking)
for maintaining old fields, all of which reduce
potential benefits of these programs for quail. In
addition, state and local programs (e. g. , weed
control) reduce the quality of quail h abitat.

Strategies
1 . 3. 1 -Enlist Congressional support to modify
current programs, such as the CRP, so they are
maintained or improved for quail.
1 .3. 2-Establish "top down" (federal, state, coun
ty) policy formulation for implementation and
enforcement with respect to enhancing wildlife
habitat.
1 . 3.3-Identify specific problems and needs of
quail in contemporary agricultural environments
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and conduct research directed toward farm and
quail management issues.
1 . 3. 4-Develop a more flexible set of regional,
statewide, and national guidelines for farm con
servation programs that better fit local require
ments of quail (e.g. , use of native warm-season
grasses opposed to exotic cool-season grasses) .
1 . 3. 5-Quantify differences in weed control,
erosion, and soil quality among fields that are
mowed, strip-disked, and traditionally planted to
crops.
1 . 3 . 6--Change w eed control regulations in
federal programs to specify the control of only
noxious plants.
1. 3. 7-Seek development and implementation of
new and existing legislation that mandates im
proved interagency cooperation and more equi
table allocation of agricultural conservation pro
gram funds at all levels of government.
1 . 3.8--Use government agencies and p rivate
constituency groups to jointly sponsor informa
tional materials (e.g., pamphlets and videos) per
taining to management practices benefiting quail
in productive and fallow croplands.
1 . 3. 9-Provide U.S. Department of Agriculture
personnel (e.g. , Soil Conservation Service agents)
with training and information about beneficial
management practices for quail.
1 . 3. 10-Seek implementation of State Technical
Committees, provided for in the 1985 and 1990
farm bills to improve interagency cooperation and
provide better opportunities for input on wildlife
implications of farm programs.
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FOREST PRACTICES
LEONARD A BRENNAN, 1 De partment of Wi ldl ife and Fisheries, Mississippi State Un iversity, MS
3 9762 1
R. J. G UTIERREZ , Depart m e nt of Wi ldlife, H u m boldt State Un iversity, Arcata, CA 9 5 5 2 1
WALTER ROSENE, 1 2 7 Oak Circle, G adsden, A L 3 5 90 1 and Department o f Wi l d l ife and Fisheries,
Miss issippi State University, M S 3 9762
Citation: Brennan , L. A., R. J. Gutierrez and W. Rosene . 1993. Strategic plan for quail m anagement and research
in the United States: issues and strategies-Forest practices. Pages 174-175 in K. E . Church and T. V. Dailey ,
eds. Quail III: n ational quail symposium . Kansas Dep. Wildl. and Parks, Pratt.

Forest management, like agriculture, has a
profound influence on distribution and abun
dance of quail populations. Participants in the
Forest Practices section of the workshop iden
tified a broad array of issues and strategies that
relate to management of quail in forest environ
ments. There was a general consensus that a
severe polarization of views exists between many
wildlife and forestry professionals with respect to
impacts of forest m anagement actions on quail. A
great deal of this polarization is rooted in the
different educational philosophies of m any con
temporary forestry and wildlife programs that
provide University training for professionals.
Therefore, this section of the Strategic Plan is
divided into 2 categories: ( 1) general issues relat
ing to comm unication and cooperation between
wildlife and forestry professionals and (2) specific
problem s faced by quail in particular silvicultural
systems or regions.

Issue 2 . 1
COMMUNICATION AND
COOPERATION BETWEEN
FORESTRY AND WILDLIFE
PROFESSIONALS
There are often great differences of opinion and
obj e c tives between f oresters an d w ildlife
biologists that frequently have profound bearing
on quail population abundance and management
opportunities in forest environments.

Strategies
2. 1 . 1-Encourage participation in interdiscipli
nary meetings, workshops, and courses and the
use of literature outside one's own field.
2. 1 . 2-0ffer integrative, "keystone" courses in
wildlife and forestry that bring together students
from different disciplines and foster future net
working among professionals of different dis
ciplines.

Issue 2.2
PROVIDING EDUCATION FOR
LANDOWNERS
Landowner participation in statewide forest
s tewardship p r og ram s are ex ceeding the
capacity of state wildlife agency biologists , ex
tension personnel, and consultants to assist
landowners with the development of so-called
"best m anagement practices" for wildlife and
silviculture systems.

Strategies
2.2. 1-Develop workshops and other continuing
education and certification activities (based on
end-user needs) in conjunction with state wildlife
agency personnel and university professors to
educate private consultants about technical
aspects of quail management.
2.2. 2-Increasc availability of publications and
extension services for landowners that increase
the efficiency of technology transfer for quail
population and habitat enhancement.

1
Present Address: Tall Timbers Research Station,
Route 1, Box 678, Tallah assee , FL 323 12-97 1 2 .
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Issue 2.3

Issue 2.4

SPECIFIC ISSUES IN
SILVICULTURAL SYSTEMS

NEGATIVE EFFECTS OF
CERTAIN SILVICULTURAL
PRACTICES ON QUAIL

More information and awareness is needed
regarding forest management practices, forest
management areas adjacent to agricultural en
vironments, and their influences on quail.

Strategies
2.3.1-Reevaluate timber classifications in light
of quail requirements.
2.3.2-Perform research to quantify distribu
tion, habitat use , and abundance of quail accord
ing to age classes of regenerating forest stands
and under different silvicultural regimes.
2.3.3-Perform research to assess distribution
and abundance of quail in forests that are
managed or not managed for endangered species.
2.3.4-Perform research on topics related to satis
faction of quail hunters who use early stage forest
regeneration stands and examine how different
forest regeneration strategies relate to quail hunt
ing success, and how forest regeneration techniques
that provide the best quail hunting can be recon
ciled with maximizing timber production.

Some silvicultural practices adversely affect
northern bobwhite populations in forest ecosys
tems.

Strategies
2.4.1-Develop policies and incentives that man
date multiple use values on public areas as a basis
for practicing long-rotation sawlog production.
2.4.2-Determine the lowest replanting rate
that is commercially viable and encourage plant
ing rates that sustain quail.
2.4.3-Develop policy and legislation that en
courage wise use of prescribed burning in relation
to historic burning cycles.
2.4.4-Develop policy that encourages replace
ment and alternative techniques for enhancing
quail habitat quality in loblolly pine stands in
public areas where longleaf was historically lo
cated.
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CLAIT E. BRAUN, Colorado Division of Wi ldl ife, Wi l d l ife Research Cente r, 3 1 7 West Prospect Street,
Fort Col l ins, CO 8 0 5 2 6
Citation: Brown, D . E., A . Sands, S. Clubine and C. E . Braun. 1993. Strategic plan fo r quail management and
research in the United States: issues and strategies-Grazing and range management. Pages 176-177 in K. E.
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Livestock grazing has impacted populations of
all species of quail in North America. Issues con
cerning the effect of grazing on wildlife popula
tions, especially those related to public lands in
the West, are among the most contentious and
hotly-debated topics in the natural resource
arena.
There were 4 m ajor topics on which par
ticipants in this workshop session reached a con
sensus: (1) the issue of livestock grazing fees on
public lands is more of an economic issue than a
wildlife management one, (2) implementation of
on the ground grazing improvements should be
brought about by increasing public awareness
through the media, (3) the need for an ecosystem
approach to range management and native quail
restoration as opposed to sp ecific livestock
management prescriptions, and (4) the need for
financial and social incentives for better manage
ment of private and public rangelands. Topics 2-4
will provide the basis for structuring the issues
and strategies listed below.

Issue 3 . 1
IMPLEMENTATION O F GRAZING
IMPROVEMENTS
Excessive cattle grazing m ay be adversely af
fecting quail reproduction, habitat quality, and
hunting opportunities.

Strateg ies
3. 1 . 1 -Modify grazing lease plans and reduce or
eliminate overgrazing on public lands.
3. 1 . 2-Investigate how light grazing vs. rotation
affects quail populations.

Issue 3.2
ECOSYSTEM APPROACH TO
RANGE MANAGEMENT
Use of introduced forages and intensive grazing
h av e elim inated n es ting cover a n d foods
throughout the western portion of the geographic
range of bobwhite. Exotic grasses have been
promoted as a quick-fix for grazing, erosion con
trol, and oth er uses . However, these plants
decrease the quality of quail habitat.

Strategies
3.2. 1 -Continue research on influence of short,
medium, and long grazing rotations on maintain
ing habitat quality.
3.2.2-Encourage expansion of native grass and
legume ecosystems on public and private lands.
3.2. 3-Promote the use of native quail-oriented
vegetation and require use of these alternative
plants in all federal and state agriculture and
erosion control programs where appropriate.

Issue 3.3
INFORMATION LACKING ABOUT
EFFECTS ON QUAIL
E limination of grazing h as increased her
baceous cover and reduction of early successional
foods. However, there is little information avail
able on the impact of various brush control ac
tivities on quail.

Strategies
3.3. 1-Continue investigations on the role of
managed grazing in enhancing quail habitat.
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3.3.2-Perform research to assess the impact of

brush control on quail population abundance.

Issue 3.4
FINANCIAL AND SOCIAL
INCENTIVES
Grazing can be an important and economical
quail management tool, and public land manage
ment agencies need to reduce the numbers of
livestock on public lands. Moreover, proliferation
of introduced grasses for pasture and erosion con·
trol has contributed to negative attitudes toward
grazing. Unfortunately, native forages are not
now universally available for restoring pastures .

Strategies
3.4. 1 -Restore native species of grasses and
legumes on public land, educate landowners and
ranchers in better grazing practices such as use
of rotation grazing , and use complementary
forage systems instead of cool-season monocul
tures.
3.4.2-Locate funding for seed sources of native
grasses and legumes for pasture restoration .
3.4.3-Distribute information o n the negative
effects of how grazing affects quail.
3.4.4-Encourage agencies to adopt a proactive
approach to rangeland conservation and continue
efforts toward developing management plans for
upland game birds on public lands.

. <,. .... ... , . . //
: ...,.. __ .;:;... .:,
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RELEASES OF PEN-RAISED QUAIL
G EORG E A H U RST, Department of Wi l d l ife and Fisheries, Mississippi State Un ive rsity, MS 39762
WILLIAM R. DAV I DSON , D. B. Warnell School of Forest Resou rce s and Southeastern Cooperative
Wi l d l ife Di sease Study, Col lege of Veterinary Medicine, University of Georgia, Athens, GA 30602
TED DEVOS, Alabama Coope rative Fish and Wi l d l ife Re search Un it, Au burn U n ivers ity, Au burn, AL
3 6830
EDWARD L. KOZICKY, Caesar Kleberg Wi l d l i fe Research I n stitute , Cam pus Box 2 1 8, Texas A&I
Un ive rsity, King svi l l e , TX 78363
ALAN D. PEOPLES, Oklahoma De partme nt of Wi l d l ife Con se rvation, 1 80 1 North Lincol n , Oklahoma
C ity, OK 73 1 0 5
Citation: Hurst, G. A. , W. R. Davidson , T. DeVos, E. L. Kozicky and A. D. Peoples. 1993 . Strategic plan for quail
m anagement and research in the United States: issues and strategies-Releases of pen-raised quail. Pages 1 78-179
in K. E. Church and T. V. Dailey, eds. Quail III: national quail symposium. Kansas Dep . Wildl. and Parks, Pratt .

As northern bobwhite populations declined
over the past 3 decades, increasing numbers of
quail enthusiasts have resorted to releasing pen
raised quail. Most state game agencies are no
longer directly involved with release programs.
Nevertheless, many private landowners continue
to make releases of pen-raised quail the center of
their game-bird management efforts, rather than
focus on habitat improvement and limit their
quail hunting to what the carrying capacity of the
land will provide. The impact of releasing pen
raised quail in the midst of remnant wild quail
populations is not understood. Therefore ,
managers and biologists should strive to err on
the conservative side when considering use of
pen-raised quail to provide recreational oppor
tunities. The northern bobwhite is a game-bird
resource that is treasured by a diverse user group,
and should not be put in jeopardy by massive
annual releases of pen-raised stock.

Issue 4. 1
PEN-RAISED TO WILD QUAIL
DISEASE TRANSMISSION
We have virtually no information on whet.her
liberated pen-raised northern bobwhite transmit
disease to wild quail.The extent and dynamics of
such processes are virtually unknown.

Strategies (su m marized from Land e rs et al.
1 99 1 ) :

4. 1 . 1 -Perform research on potential disease
risks for wild quail or other game birds that might
be associated with releases of pen-raised quail.
4. 1. 2-Immediately initiate a program to mini
mize disease risks by conveying appropriate dis
ease prevention and control practices to producers
and users of pen-raised bobwhites.

Issue 4.2
GENETIC MAKEUP OF
PEN-RAISED AND WILD QUAIL
There is very little information on the impor
tance of heredity and environment on the produc
tion of pen-raised quail for release on private
lands. Furthermore, there is little published in
formation on how releases (especially large and
widespread ones) of pen-raised quail may affect
the genetic integrity of wild quail.

Strategies
4. 2. 1 -Conduct research on relative importance
and roles of heredity and other factors (pens,
people, contact, etc.) on field behavior of pen
raised quail after release.
4. 2. 2-Conduct laboratory research to establish
genetic make-up of pen-raised quail.
4.2.3-Compare genetic makeup of pen-raised
quail to genetic makeup of quail in museum
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specimens, or in populations that have not been
subj ected to releases of pen-raised quail.
4.2.4-Conduct field research on the extent of
gene flow from released pen-raised quail to wild
quail.

derstood. Furthermore, we do not know if large
scale releases of pen-raised quail can cause a
functional and numerical response of predators
that will carry over into increased predation on
wild quail.

Issue 4.3

Strateg ies

GAME FARM QUAIL FOR
HUNTING
Nonhunters and the general public seem to
have either a neutral or negative perception of
game farm production of quail for shooting.

Strateg ies
4. 3. 1-Develop materials to e.x-plain the reasons
for game farm production of quail.
4.3. 2--Use extension service and public out
reach programs to educate people about the social
traditions and other positive aspects of quail
hunting.

Issue 4.4
INFLUENCE OF PEN-RAISED
QUAIL ON WILD QUAIL
There is virtually no reliable, published infor
mation about how releases of pen-raised quail
influence movements, habitat use, and social
structure of wild bobwhite populations.
Relationships of releases of pen-raised quail to
possible excessive mortality of wild quail as a
result of increased hunting pressure are not un-

4. 4. I-Conduct research to determine if released
pen-raised quail influence habitat use, move
ments, and social structure of wild coveys.
4. 4. 2-Perform field research on predation rates
of quail in a variety of experimental situations
ranging from wild populations with no released
birds to populations that have been subjected to
extensive releases of pen-raised quail.

Issue 4.5
PEN-RAISED VS. WILD QUAIL
FOR HUNTING
Release and subsequent pursuit of pen-raised
quail do not simulate the hunting experience as
sociated with wild quail.

Strateg ies
4.5. 1-Develop methods of producing pen-raised
quail that will behave like wild birds under hunt
ing conditions.
4. 5. 2--Study effects release techniques and
cover conditions have on behavior of pen-raised
quail. This information can be used to better
simulate the experience of hunting wild quail,
e.g. , covey flushes.
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POPULATION DYNAMICS AND EFFECTS OF HUNTING
WILLIAM P. KUVLESKY JR. , 1 U.S. Army Corps of Eng i nee rs, Waterways Ex pe riment Station,
Hal l s Fe rry Rd . Vicksburg, MS 3 9 1 80-6 1 99 1
BRUCE D. LEOPOLD, Department of Wildl ife and Fisheries, M ississippi State University, MS
PAU L D. CURTIS, Department of Natu ral Resources ,

1 4853-3001

3909
39762

1 09 Fernow Hal l , Corne l l University, Ithaca, NY

JOHN L. ROSEBERRY, Coope rative Wi ldl ife Research Laboratory, Southern I l l i no i s Un ive rsity, Car
bondale, IL 62901 -6 504
THOMAS H UTTON , M i s so u ri Department of Conservation, PO Box

0 1 80.

1 80, Jeffe rson City, MO 6 5 1 02-

Citation: Kuvlesky, W. P. Jr., B. D. Leopold, P. D. Curtis, J. L. Roseberry and T. Hutton. 1993. Strategic plan for
quail management and research in the United States: issues and strategies-Population dynamics and effects of
hunting. Pages 180-181 in K. E. Church and T. V. Dailey, eds. Quail III: national quail symposium. Kansas Dep.
Wildl. and Parks, Pratt.

Despite nearly 70 years of research on quail in
North America, we have only a meager under
standing of the mechanisms that regulate abun
dance and productivity of quail populations.
Many state agencies and private landowners con
tinue to use guidelines developed by Stoddard
( 193 1) and Rosene (1 969). However, many of
these recommendations were developed during
an era when land-use practices in agriculture and
forestry were drastically different from what they
are today.
The workshop group on Hunting and Popula
tion Dynamics reached a consensus that 4 broad
areas need to be addressed: (1) standardization of
census and population monitoring methods, (2)
issues related to maintaining a sustainable har
vest of wild quail through hunting, (3) assessment
of population response to management actions
and fragmentation, and (4) adoption of a proactive
philosophy for quail population and h abitat
management on both public and private lands.
Additionally, some issues related to releases of
pen-raised quail have a bearing on this workshop
session.

Issue 5 . 1
STANDARDIZATION OF CENSUS
AND MONITORING METHODS
Despite the use of broad-scale data bases,
standardization of analytical and assessment
1 Present address: U.S. Fish and Wildlife Service,
Buenos Aires National Wildlife Refuge, PO Box 109,
Sasabe, AZ 85663.

techniques to assess annual census and harvest
data on a state-by-state basis do not exist and may
confound comparisons of trends.

Strategies
5. 1 . 1-Develop a cooperative, broad-scale quail
population monitoring program that assesses
quail population trends from state and federal
agency data bases and is readily accessible by all
interested parties.
5. 1 . 2-Enlist support of constituency groups to
distribute information and publications on status
reports for local, regional, and national quail
population trends.

Issue 5.2
HUNTING AND HARVEST OF
QUAIL
We do not have a quantitative assessment of
whether quail hunting results in compensatory or
additive mortality in habitats dominated by
present-day land-use regimes or whether distur
bance of quail from hunting-related activities
have negative, indirect effects on populations.

Strateg ies
5 . 2 . 1 --Conduct rese a rch th a t identifies
threshold densities and hunting pressures for ad
ditive mortality and indirect effects of hunting.
5.2.2-Encourage state wildlife agencies to be
creative in their approaches to season length and
bag limits.
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Issue 5.3
EFFECTS OF FRAGMENTATION
ON QUAIL POPULATIONS
Effects of habitat fragmentation need to be as
sessed at the landscape level because widespread
changes in agricultural and forestry land-use
practices have had broad impacts on quail habitat
quality.

Strategies
5. 3. 1 -Coordinate research efforts with manage
ment actions (supported by constituency groups)
to take advantage of manipulations in an ex
perimental context, and monitor population
trends in areas of differing habitat quality.
5.3.2-Standardize analytical techniques on a
statewide or regional basis before implementa
tion.
5. 3. 3-Perform research to assess interactions
between habitat fragmentation and population
isolation in the context of population genetics,
population response to local management actions,
intensity of harvest, and weather-related extirpa
tion.

Issue 5.4
TRANSLOCATION OF WILD
QUAIL
Translocation of wild quail may be a viable
ma nagement action for restoration of local
populations in areas where habitat improvement
has been attempted, but population response is

limited. State wildlife agencies often receive
tremendous amounts of political pressure to be
come involved in releases of pen-raised quail.

Strategies
5.4. 1 -Perform controlled experiments to test
the impact oftranslocating wild quail on restoring
native populations.
5.4.2-Educate the public about the futility of
using pen-raised quail as a mechanism for
population restoration.

Issue 5.5
PROACTIVE PHILOSOPHY OF
POPULATION AND HABITAT
MANAGEMENT
Current perceived public apathy about quail
resources may in reality be ignorance or frustra
tion resulting from inadequate agency public in
formation program s . Additionally, biologists
often disagree among themselves with regard to
specific management strategies.

Strategies
5. 5. 1 -Reach a consensus on specific agency re
search goals and take a unified position on issues
when dealing with the public.
5. 5.2-Initiate programs that permit local con
stituency groups to adopt specific management
projects on public areas.
5.5. 3--Seek opportunities to make presenta
tions on quail management.
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APPENDIX 8. ABSTRACTS FOR POSTER PAPERS AND
UNPUBLISHED PRESENTATIONS
RESPONSE OF NORTHERN BOBWHITE TO HERBICIDE TREATMENT OF
SOUTH TEXAS MIXED-BRUSH COMMUNITIES
1
WILLIAM P. KUVLESKY J R. , De partm e nt of Wi ldl i fe and Fisheries Sc i e nces , Texas A&M U n ivers ity,
Co l lege Station, TX 77843
2
BEN H . KOERTH , Texas Ag ricultural Ex peri m e nt Station , La Copita Rese arch Area, Route 1 , Box
2 0 3 , Alice, TX 783 3 2

NOVA J . S I LVY, Department of Wi ldlife and Fisheries Science s , Texas A& M U n ivers ity, College
Station, TX 7 7843
3
WEN DELL G. SWANK, Department of Wi ldlife and Fishe ries Sc iences, Texas A& M U n ivers ity, College
Station, TX 7 7843

Abstract: We evaluated the response of northern bobwhite (Colinus virginianus) to herbicide treatment of
mixed-brush communities in south Texas from summer 1987 to summer 1988. Our results indicated that bobwhite
initially avoided treated h abitats for 4-5 months after herbicide application in May . However, bobwhite began to
use treated habitats the following fall. Timely spring precipitation ensured adequ ate soil moisture for herbaceous
plant growth in treated areas. Establishment of this critical habitat component probably contributed to bobwhite
use of treated areas within 6 months posttreatment. The combination of timely rainfall with brush defoliation
resulted in fall habitat conditions conducive to bobwhite .
1 U.S. Fish and Wildlife Service, Buenos Aires National Wildlife Refuge, PO Box 1 09, Sasabe, AZ 85663
2School of Forestry, PO BOX 6 109, Stephen F. Austin State University, Nacogdoches, TX 75962 .
32326 South Quail Road, Cottonwood, AZ 86326.

BREEDING ECOLOGY OF NORTHERN BOBWHITE IN EASTCENTRAL
KANSAS
J.

SCOTT TAYLOR, Department of Wi ld l ife Ecology, 2 2 6 Russe l l Labo rato ries, U n ivers ity of Wi sco n 
s i n - M adison, M ad i s o n , WI 5 3 706

DONALD H. RUSC H , De partm e nt of Wi ldlife Ecology, 2 2 6 Ru s s e l l Laboratori e s , U n ivers ity of
Wisco n s i n - M ad i so n , Mad ison, WI 5 3 706
KEVIN E. CH U RC H , Kansas Department of Wi ldlife and Parks , PO BOX 1 5 2 5 , Em poria, KS 668 0 1
Abstract: An investigation o f northern bobwhite breeding ecology in rangeland v s . cropland ecosystems i n
eastcentral Kansas i s currently underway (199 1 -93). The rangeland study area consists of>80% seasonally-grazed
native grass pasture; the cropland study area consists of a variety of cover types, including row- and drilled-crops,
warm- and cool-season grasses reestablished under Conservation Reserve Program guidelines, and seasonally 
grazed native grass pasture . Study areas are approximately 1 1 km apart. Bobwhite of both sexes are being
livetrapped and radio-tagged. Survival, habitat use, and movements of marked birds are being ascertained from
daily radiolocations during mid-March through mid-August. Reproducing bobwhite are providing nest success,
fecundity, and nesting habitat preference information . Brood surviv al, movements, and habitat use are also being
monitored. Results of this study will allow development of credible bobwhite management strategies that are
tailored to landscape characteristics in Kansas.
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AN INTERACTIVE COMPUTER PROGRAM FOR DISPLAY,
MANIPULATION, AND ANALYSIS OF HABITAT DATA
BRYAN RICHARDS , Cooperative Wi ldl ife Research Laboratory, Southern I l l inois Un ivers ity, Carbon
dale, I L 6290 1
JOHN L. ROS EBERRY, Coope rative Wi ldl ife Research Laboratory, Southern I l l i nois Univers ity, Carbondale, IL 6290 1
Abstract: An interactive graphic display program was developed that mimics functions of Geographical Informa
tion System (GIS) programs, does not require GIS software, and runs on smaller personal computers. The program
utilizes digital GIS output from remote -sensing sources (e .g., Landsat TM) and allows users to display land use
and simulate habitat changes in selected areas. Two preliminary models that calculate habitat suitability indices
for northern bobwhite are linked to the main display program . One model accepts user inputs regarding habitat
quality , the other model does not. The system is potentially useful for bobwhite land management planning and
for predicting responses to habitat alteration .

LONG-TERM TRENDS OF NORTHERN BOBWHITE POPULATIONS IN
THE SOUTHEASTERN U.S.: THE ROLE OF ABIOTIC FACTORS
BRUCE D. LEOPOLD, Department of Wi ldl ife and Fisheries, PO Drawer LW, Mis siss ippi State
U n iversity, M i s s issippi State, MS 39762
LEONARD A BREN NAN , De partme nt of Wi ldlife and Fisheries, PO Drawer LW, M is s i ssippi State
U n iversity, M i s s issippi State, MS 39762
WALTER ROS ENE, 1 2 7 Oak Circle, Gadsden, AL 3 5901
G EORG E A HURST, De partme nt of Wildlife and Fisheries , PO Drawe r LW, Mississi ppi State Unive rsity,
M ississippi State, MS 39762
Abstract: We assessed the potential influence of precipitation variation and drought-severity on long-term trends
of northern bobwhite population indexes using data derived from the Christmas Bird Count (1961-89) in the
southeastern U.S., and harvest data (number of bobwhite bagged per unit effort) from Groton Plantation (1957-89)
and Oakland Hunting Club (1927-87) in South Carolina. We calculated long-term yearly drought-severity indices
to simultaneously scale precipitation , average temperature, water holding capacities of soil, and evapo-transpira
tion , and used these data as independent variables in regression analyses oflon g-term bobwhite population indices.
Drought-severity indices were correlated (P < 0.5) with long-term bobwhite population trends and explained
approximately 50% of the year-to-year variation in population changes. Variation in population indices not
explained by drought-severity indexes is apparently the result of biotic factors associated with changes in land
use.

STATUS OF MOUNTAIN QUAIL IN THE INTERMOUNTAIN WEST
TOM HEMKER, Idaho Department of Fish and Game, 600 South Wal n ut, Box 2 5 , Boise, ID 83 707
ALAN SANDS, USDI Bureau of Land Management, 3 948 Development Ave n u e , Boise , I D 83 70 5
ED ROBERTSON, C h u kar Foundation , Boise, I D 83 706
Abstract: Mountain quail (Oreortyxpictus) populations inh abiting the inland areas of Washington, Oregon, Idaho,
and Nevada have declined dramatically during the last 20-30 years . In Idaho, distribution of this bird h as declined
by over 90% and the season closed on the once common species in 1984 after harvest dropped by about 96% from
the 1950's to the 1970's. As a result, this species has received increased attention from sportsmen and management
agencies and is currently listed as a "Sensitive Species" by the U.S. Forest Service and Bureau of Land
Management. Existing data suggest that these declines in mountain quail populations are related to losses of
riparian habitat quantity and quality.

196

Church and Dailey: Full Issue
Quail III

186

mam l iii r 11m:mmm1
EFFECT OF RED IMPORTED FIRE ANT CONTROL ON NORTHERN
BOBWHITE
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CRAIG R. ALLEN , De partment of Range and Wi ldlife Management, Texas Tech University, Lubbock,
TX 79409
R. SCOTT LUTZ, Departm e nt of Range and Wi l d l ife Management, Texas Tech University, Lu bbock,
TX 79409
STEPHEN DEMARAIS, De partme nt of Range and Wi l d l ife Manag e m e nt, Texas Tech U nive rsity,
Lubbock, TX 79409
Abstract: The impact of the red imported fire ant (RIFA) on northern bobwhite has been a matter of controversy

for more than half a century. The recent advent and spread of high-density, multiple-queen fire ant mounds has
increased interest in RIFA-bobwhite interactions. Texas Tech University, and cooperators inclucling the U.S.
Department of Agriculture, the Texas Department of Agriculture, American Cyanamid, Quail Unlimited, and the
Houston Livestock Show and Rodeo Association are investigating the impact of RIFA on bobwhite and other
vertebrates. Ten approximately 2 X 2-ha study sites in the coastal bend of Texas were selected and paired based
on similarity of their rangeland habitats.One randomly chosen site from each pair was treated with AMDRO fire
ant bate (1.67 kg/ha) during April and October 1991 to reduce RIFA numbers.Bobwhite (as well as white-tailed
deer, small mammal, and herpetological) populations are being monitored during 1991 and 1992 to assess the
impact of RIFA control. Bobwhite densities were estimated via line-transects.An average 81% reduction in RIFA
numbers was achieved on treated sites 8 weeks after spring 1991 treatment with AMDRO. Bobwhite densities
averaged 4/ha on treated sites and 1.3/ha on untreated sites, but were not different (P > 0.25). RIFA were again
treated in spring 1992, and bobwhite populations were intensively monitored in the fall of 1992.

CURRENT RESEARCH ON MOUNTAIN QUAIL IN IDAHO
PATRICIA E. H EEKI N , Department of Fish and Wildl ife Resource s , Un ive rsity of Idaho, Moscow, I D
8 3 843
KERRY P. REESE, Departm ent of Fish and Wi ldl ife Re sou rces, Un ive rsity of Idaho, Moscow, I D 83843
PETE ZAG ER, Id aho De partment of Fish and Game, 1 540 Warne r Ave nue, Lewi ston, ID 8 3 5 0 1
Abstract: Mountain quail numbers in Idaho have been declining over the past several decades.As a result, the

species has been classified as a "Sensitive Species" by the Idaho Department of Fish and Game, U.S. Bureau of
Land Management, and Region 4 of the U.S. Forest Service.Consequently, management agencies need information
on the ecology of mountain quail in Idaho to develop management strategies that will prevent further population
decline. Various aspects of the ecology of mountain quail have been studied in California, but no in-depth study
has been conducted on the habitat-use patterns, movements, and population characteristics of Idaho mountain
quail.Such a study is needed before managers can adequately assess impacts of land-use practices on mountain
quail habitat and populations, or identify areas suitable for reintroductions. The study area will include several
tributaries within the lower Salmon River and Little Salmon River drainages in Idaho.The objectives of this study
are: to document daily and seasonal movements and home ranges of mountain quail, to collect information on
productivity and survival rates, to document habitat-use patterns, to determine physical and vegetal charac
teristics of nesting and brood-rearing habitats, and to develop recommendations designed to maintain or enhance
mountain quail habitat and populations. Field seasons will be January-August 1992 and 1993. To collect
information to meet the objectives, we will trap mountain quail in January and February. Trapped quail will be
banded and measured, and radios will be placed on 40 females. We will track radio-tagged quail to determine
movements and the physical and vegetal characteristics of nest and brood-rearing sites.
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A RESTRAINING DEVICE FOR HANDLING NORTHERN BOBWH ITE
ALAN D . PEOPLES, Oklaho ma De partment of Wi ldlife Co nservatio n , Oklahoma City, OK 7 3 1 5 2
STEPHEN J . DEMASO, Oklahoma Department of Wi ldl ife Co nse rvation, Oklaho m a City, O K 73 1 5 2
Abstract: This paper describes a method for restraining northern bobwhite, allowing an individual to collect data

that traditionally required 2 people. The device could be used to age, band, collect blood, measure phenotypic traits,
and attach radio-transmitters. The restraining device is constructed with 1 .9-cm (3/4-inch) pine. The top and
bottom dimensions are 30.5 x 12.7 cm (12 x 5 inches). The 2 end dimensions are 1 2 .7 x 12.7 cm (5 x 5 inches). A
hole 3.8 cm ( 1 .5 inches) in diameter is cut in the top of the holder. The bird is placed on top of the device with its
legs inserted through the hole. A spring-operated clothes pin is attached dorsal to the knee-joint of each leg. One
technician has marked >500 bobwhite using the restraining device without incidence of escape or injury. The bird
is immobilized when its legs are suspended in the air, preventing it from pushin g-off a solid surface to begin flight.
This device may be applicable to other species following appropriate modification . Advantages of the device over
previous methods m ay include use and data collection by 1 person, reduced cost of research , reduced handling time
and stress to the bird, and the device can be transported and used easily in the field.

EFFECTS OF INDIVIDUAL HOUSING ON BEHAVIOR, GENERAL HEALTH,
AND FOOD AND WATER CONSUMPTION IN MALE NORTHERN
BOBWHITE
L. L. CARLOCK, The Institute of Wi ldl ife and Envi ronme ntal Tox ico logy, Clemson Un ive rsity,

Clemson, SC 2 9634-09 1 9
K. E. BRYANT, The Institute of Wi ldl ife and Envi ron m e ntal Toxicology, Clemson U n ive rsity, Cle m s o n ,
S C 2963 4-09 1 9
M . J . HOOPER, The I n stitute ofWi l d l ife and Envi ronme ntal Tox ico logy, Cle mson U n ivers ity, Cle m son,
SC 2963 4-09 1 9
Abstract: Most studies with pen -raised northern bobwhite , house > 1 bird per cage. Data are usually based on
group means with little data on in dividuals. Male bobwhite were removed from group cages, placed in individual
stainless steel cages, and monitored closely for 30 days. Birds could observe neighbors, but physical contact and
competition for food and water were eliminated. Body weights and blood cholinesterases (ChE) were monitored at
weekly intervals. Food and water consumption , appearance, and behavior were monitored daily throughout the
study. Individual norms were established from each bird for food and water consumption ; it took 3-7 clays to reach
"normal" food consumption . Daily fluctuations in amount of food consumed were mirrored in water consumption .
All birds gained weight during the study . Plasma ChE activity also increased throughout the study. Condition of
the feathers and th us appearance of the birds improved throughout the study. Behavior was constant for each
bird but differed considerably between birds .

HOME RANGE SIZE AND HABITAT USE OF REINTRODUCED MASKED
BOBWHITE
KAREN M . S I M MS, 1 U.S. Fish and Wi ldl ife Service, Arizona Coo pe rative Fish and Wi ldlife Research
U n it, Tucso n, AZ 8 5 72 1
NORMAN S. S M ITH, U.S. Fish and Wi ldl ife Se rvice , Arizona Coo pe rative Fish and Wi ldl ife Re search
U n it, Tucso n , AZ 8 5 72 1
M ELO NIE L. ATKI NSON, U.S. Fish and Wi ldl ife Service, Arizo na Coo perative Fish and Wi ldlife
Research U n it, Tucso n , AZ 8 5 7 2 1
Abstract: We studied home range and habit.at use of reintroduced masked bobwhite (Colinus virginianus

ridgewayi) during 1 986-88 on the Buenos Aires National Wildlife Refuge (NWR) in southern Arizona . Home ranges
averaged 1 0 .9 ha (5.2-1 4 .6 ha), and core areas averaged 1 . 1 ha (0 .2-2.7 ha) . Aerial and basal grass cover and
vertical vegetative cover from 0-1 elm were higher in core areas than in noncore areas. Bare ground, litter,
half-shrub density and cover, and vertical vegetative cover from 5 to 20 dm were less in core areas than in noncore
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areas. Key habitat components for masked bobwhite on the Buenos Aires NWR were interspersion of grass,
grass-forb, an d shrub vegetation types; diversity of grasses and forbs (10 or more species of each); 1 50 trees or
shrubs/ha in the 0-5 m height class; 90% vertical cover by vegetation from O to 1 dm, 50% aerial, 30% basal grass
cover, 15% forb cover, an d 10% tree/shrub cover.
1
Present address: USDI Bureau of Land Management, Tucson Resource Area Office, 675 North Freeman Road,
Tucson, AZ 85748.

SEED AND INVERTEBRATE BIOMASS IN CENTRAL MISSOURI FOOD
PLOTS
THOMAS V. DAI LEY, M i ssouri Departme nt of Co nservation, 1 1 1 0 South Col lege Avenue, Col u m bia,
MO 6 5 2 0 1
ELENA M. SEON, Mi ssouri Department of Conservation, 1 1 1 0 South Col lege Avenue, Col u m bia, MO
65201
Abstract: We measured biomass of seeds and invertebrates potentially available to northern bobwhite (Colinus

virginw.nus) under 3 cultivation treatments in a Missouri forest-soil environment . Cultivation treatments included
(1) sorghum, soybea n , and German millet mixture; (2) sorghum and soybean mixture; and (3) single spring discing .
We found n o differences (P > 0 . 05) i n biomass o f seeds a n d invertebrates among these treatments. I nvertebrate
biomass from ground and aerial samples increased substantially from June to August. Biomass of seeds captured
in seed traps decreased 96% from early October to mid-December. Sorghum and pigw eed (Amaranthus spp.) seeds
dominated above-ground samples collected in January; these and other seeds con sidered to be acceptable quail
food made up 75% of the biomass and thus would be the m ain sustenance for quail when deep snow covers the
ground. Of the 3 cultivated plants, only sorghum was available in amounts adequate to sustain quail through
periods of deep snow coverage . Native plants, especially pigweed, accounted for 49% of select quail food found in
above-ground samples.
We estimated the amount of emergency food-energy available to quail using published metabolizable energy
values. We estimated energy needs of a covey of 10 bobwhite from Burger (unpubl. data); we assumed free-living
quail need 50% more energy than Burger's fasted, resting qu ail. If bobwhite were the only source of seed loss or
°
consumption , food-energy in a 0 . 1-ha milo/soybean/millet food plot would sustain a covey for 36 days at 0 C and
°
25 days at -15 C
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APPENDIX C. REGISTRANTS
ABEL, HERB, Fort Riley Natural Resources Branch, Rt 1 Box 74, Wakefield, KS 67487

ALLEN, ARTHUR W, U.S. Fish & Wildlife Service , 4512 McMurray Ave, Ft Collins , CO 80526
ALLEN, BARRY, Kansas Dep of Wildlife & Parks, Box 777 , Chanute , KS 66720

ALLEN, CRAIG R, Texas Tech University, Dep of Range & Wildlife Management, Lubbock, TX
79409

ARMSTRONG, MARK, Pennington Seed Inc, Greenfield, MO 65661
ASARS, JOHN, Ben Meadows and Co, Atlanta, GA 30341

BARLOW, SCOTT, Kansas Dep of Wildlife & Parks, Box 777, Chanute, KS 66720

BARNES, THOMAS, University of Kentucky, Dep of Forestry, Lexington, KY 40546

BAUGH, SCOTTY, Kansas Dep of Wildlife & Parks, 808 McArtor, Dodge City, KS 67801

BERGH, BILL, Missouri Dep of Conservation, Rt 2 Box 121AA, Excello, MO 65247

BERGQUIST, BOB, Kansas Dep of Wildlife & Parks, 5020 B Tuttle Creek Blvd, Manhattan, KS
66502
BERINGER, JEF, Missouri Dep of Conservation, 1110 S Colle ge Ave , Columbia, MO 65201
BIDWELL, TERRY, Oklahoma State University, 373 Agronomy Dep, Stillwater, OK 74078
BILLS, JOHN, Kansas Dep of Wildlife & Parks, Box 777, Chanute , KS 66720
BLEX, DOUG, Kansas Dep of Wildlife & Parks, Box 777, Chanute , KS 66720

BOWEN, MARC J, Missouri Dep of Conservation, PO Box 1695, Independence, MO 64055
BOWMAN, JIM, Virginia Game Dep, Rt 6 Box 410, Forest, VA 24551

BOWMASTER, JAY, Missouri Dep of Conservation, PO Box 137 , Schell City, MO 64783
BOYLES, JACK, Missouri Dep of Conservation, Box 428, Hannibal, MO 63401

BRADY, STEVE, Soil Conservation Service, 3825 E Mulberry, Ft Collins, CO 80524

BRAITHWAIT, JIM, Missouri Dep of Conservation, Box 43, Williamsburg, MO 63388

BRANDT, PAUL F, Wisconsin Dep of Natural Resources, 5350 Hwy 133E, Boscobel, WI 53805

BRAUN, CLAIT, Colorado Division of Wildlife, Wildlife Research Ctr, 317 W Prospect St, Ft Collins,
co 80526

BRENNAN, LEONARD A, Mississippi State University, Wildlife & Fisheries Dep, PO Drawer LW,
Mississippi State , MS 39762

BROOKS, TIMOTHY W, Missouri Dep of Conservation, Box 201, Elsberry, MO 63343

BROWN, DAVE, Southwest Natural History Association, 3118 McLellan Blvd, Phoenix, AZ 95017
BROWN, LES, Tennessee Wildlife Resource Agency, PO Box 40747, Nashville , TN 37204

BROWNING, DENNIS, Missouri Dep of Conservation, 1811 Eastview Dr, Trenton, MO 64683
BRUNER, JAMES G, Nebraska Game & Parks Commission, 2200 N 33rd, Lincoln, NE 68503

BUCKNER, GEORGE R, Missouri Dep of Conservation, PO Box 180, Jefferson City, MO 65102

BURGER, WES, University of Missouri, School of Natural Resources, 112 Stephens Hall, Columbia,
MO 65211

CAPEL, STEPHEN, Virginia Dep of Game & Inland Fisheries, 4 792 Anderson Hwy, Powhattan, VA
23139
CARLOCK, LINDA, TIWET/Clemson University, PO Box 709, Pendleton, SC 29670

CHAPMAN, JOE I, Norfolk Southern Railway, PO Box 27, Dorchester, SC 29437
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CHOATE, JIM L, Missouri Dep of Conservation, PO Box 180, Jeffe rson City , MO 65102
CHURCH, KEVI N E, Kansas Dep of Wildlife & Parks, PO Box 1 525, Emporia, KS 66801
CLARK, RANDY, Kansas Dep of Wildlife & Parks, 4207 East 56 Hutchinson , E:S 67502
CLI NE , JERRY, USDA Forest Service, Box ,J, Elkhart, E:S 67950
CLUBI NE , STEVE, Missouri Dep of Conservation, PO Box 250, Clinton, MO 64735
CONRAD, W. B . , South Carolina Wildlife & Marine Resources Dep, PO Box 167, Columbia, SC 29202
CONRADY, STEVE, Oklahoma Dep of Wildlife , Rt 1 Box 1 1 7, Longsdale, OK 73755
CONWAY, CARL, Missouri Dep of Conservation, PO Box 1 06, Eldorado Springs, MO 64744
COOPER, E:ATHY, Missouri Dep of Conservation 13 101A Ranson Rd, Lee's Summit , MO 64063
COOPER, STEVE, Missouri Dep of Conservation , 13101A Ranson Rd, Lee's Summit, MO 64063
COPE, MARCUS, Tennessee Valley Authority , 100 Van Morgan Dr, Golden Pond, KY 422 1 1
CORNELIUS, DALE E, Missouri Dep of Conservation, Rt 2 Box 94, Clinton, MO 64735
CRALL, MARY, Kansas Dep of Wildlife & Parks, 9539 Alden , Lenexa, E:S 662 1 5
CRAWFORD, JOHN, Oregon State University, Game Bird Research Program, Dep o fFish & Wildlife,
Corvallis, OR 97331
CRAWSHAW, AMBER, Ben Meadows Co, Atlanta, GA 3034 1
CRIGLER, DAN, Missouri Dep of Conservation, 2360 Hwy D, Busch Memorial Wildlife Area, St
Charles, MO 63304
CULBERTSON, ROBERT K, Kansas Dep of Wildlife & Parks, PO Box 582, New Strawn, KS 66839
CURTIS, PAUL D, Cornell University, Room 1 09 Fernow Hall, Ithaca, NY 1 4853
DAILEY, THOMAS V, Missouri Dep of Conservation , 1 1 1 0 S College Ave , Columbia, MO 65201
DALRYMPLE, KENNETH, Missouri Dep of Conservation, 2 1 8 W Hickory, Eldorado Springs, MO
64744
DALTON, CHRISTOPHER, Missouri Dep of Conservation, 1 04 Hickory, Windsor, MO 65360
DAVID, LARRY, Illinois Dep of Conservation, 506 E 7th St, Gibson City, IL 60936
DAVIDSON, RANDY, University of Georgia, College of Veterinary Medicine, Athens, GA 30602
DELEHANTY, DAVE, University of Nevada - Reno, 1 000 Valley Rd, Reno, NV 8951 2
DEMASO, STEPHEN J, Oklahoma Dep o f Wildlife Conservation, 1 8 0 1 N Lincoln , Oklahoma City,
OK 73152
DEVOS, THEODORE, Auburn University, Rt 1 Box 519, Newton , GA 3 1 770
DI ETZ, DON, Temple-Inland Forest Products Corp , Rt 5 Box 4300, Lufkin, TX 75901
DOERR, PHIL, North Carolina State University, Box 7617, Raleigh, NC 27095
DOOLEN, ROD, Missouri Dep of Conservation , Rt 1 Box Z-1 , Patterson , MO 63956
DOWLING, GLENN A, Partridge Pea Plantation, 53 1 Seventh Ave , Albany, GA 3 1 701
DROEGE, SAM, U.S. Fish & Wildlife Service, Laurel, MD 20708
DYCK, ALAN R, Ft Pickett - Virginia, Rt 2 Box 209E, Blackstone, VA 23824
EASLEY, MICKEY M, Wyncreek Plantation, PO Box 1 58, Hurtsboro, AL 36860
EDWARDS, TOM, Kentucky Dep of Fish & Wildlife Resources, #1 Game Farm Road, Frankfort, KY
40601
EGGERS, TI NA M, Missouri Dep of Conservation , 1 1 1 0 S College Ave , Columbia, MO 65201
ELLIS, MACK, Missouri Dep of Conservation, 402 South Washington, Chillicothe, MO 64601
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EVANS, RAY, Missouri Dep of Conservation, PO Box 180, Jefferson City, MO 65 1 02
FERGUSON, ROBERT, Missouri Dep of Conservation, PO Box 356, Atlanta, MO 63530
FIES, MIKE, Virginia Dep of Game & Fish, 1 229 Cedars Court, Charlottesville, VA 22903
FISHER, DARYL, Kansas Dep of Wildlife & Parks, South Star Rt, Garden City, KS 67846
FOLTZ, DAVID, Oklahoma Dep of Wildlife, Box 1 36, Garber, OK 73738
FRAWLEY, BRIAN, Indiana Division of Fish & Wildlife, 3900 Soldiers Home Rd, West Lafayette,
IN 47906
FREE, WADE, Oklahoma Dep of Wildlife Conservation, Rt 1 Box 96, Forgan, OK 73938
FRENZEL, FRED, Virginia Dep of Game & Inland Fisheries, Rt 4 Box 515, Edinburg, VA 22824
FULLER, SHANE, Mississippi State University, Wildlife & Fisheries Dep, PO Drawer LW, Mississippi State, MS 39762
FUNK, TERRY, Kansas Dep of Wildlife & Parks, Rt 2 Box 1 53, Stockton , KS 67669
GALLOWAY, KENDALL, Missouri Dep of Conservation, Rt 1 Box 22, Ash Grove, MO 65604
GANO, ROB, Delaware Division of Fish & Wildlife, 89 Kings Hwy, Box 1 40 1 , Dover, DE 19903
GEBHART, JIM, Missouri Dep of Conservation, 1 0 1 4 Thompson Blvd, Sedalia, MO 65301
GI ESSMAN, NORB, Missouri Dep of Conservation, PO Box 180, Jefferson City, MO 65 1 02
GILMORE, LEN E, Missouri Dep of Conservation, PO Box 1 8 1 , Osceola, MO 64776,
GILMORE, TAMMY, U.S. Army Corps of Engineers, Rt 2 Box 29A, Warsaw, MO 65355
GIULIANO, BILL, Texas Tech University, Dep of Range & Wildlife, Lubbock, TX 70409
GLICK, TOM, Kansas Dep of Wildlife & Parks, Rt 2 Box 929, Pittsburg, KS 66762
GOTTSCHALK, DOUG, Oklahoma Dep of Wildlife Conservation , PO Box 579, Goodwell, OK 73939
GOUGH, SHARRON L, Missou ri Dep of Conservation, Rt 3 Box 29 1 , Stockton , MO 65785
GRAEFF, TODD, Kansas Dep of Wildlife & Parks, Rt 2 Box 54A, Pratt, KS 67124
GRIMES, ROY, Missouri Dep of Conservation, 2360 Highway D, St Charles, MO 63304
GUDLIN, MARK, Tennessee Wildlife Resources Agency, PO Box 40747, Nashville, TN 37204
GUTIERREZ, R ,J, Humboldt State University, Dep of Wildlife, Humboldt State University, Arcata,
CA 9552 1
GWYNN, JACK V, Virginia Dep of Game & Inland Fisheries, 2503 Brunswick Rd, Charlottesville ,
VA 22903
HAAS, RANDY, Missouri Dep of Conservation , Rt 4 Box 132, Lamar, MO 64759
HALEY, DON, U .S . Fish & Wildlife Service, 3 1 5 Houston St Suite E, Manhattan , KS 66502
HALLETT, DIANA L, Missouri Dep of Conservation, 1 1 1 0 S College Ave, Columbia, MO 65201
HAMILTON, HELEN, USDA Forest Service - Wildlife, 5 1 7 Gold Ave SW, Albuquerque, NM 87 1 02
HAMLIN, BRIAN, Missouri Dep of Conservation , 1 1 1 0 S College Ave, Columbia, MO 65201
HANNAH, BILL JR, Noblesville , IN
HANNAH, BILL SR, Hannah Farm, Rt 2 Box 103, Oskaloosa, KS 66066
HANSEN, CHAD, South Dakota Game Fish & Parks, Rt 4 Box 1 8 1 , Yankton, SD 57078
HARRIGAL, DEAN, South Carolina Wildlife & Marine Resources Dep , PO Box 1 67, Columbia, SC
29202
HARRIS, GREG, Kansas Dep of Wildlife & Parks, Box 777 Chanute, KS 66720
HARTER, STAN, Kansas Dep of Wildlife & Parks, Box 777, Chanute, KS 66720
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HARTMAN, GEORGE W, Missouri Dep of Conservation , PO Box 180, Jefferson City, MO 65 1 02
HARTMANN, ROBERT F, Kansas Dep of Wildlife & Parks, Rt 2 Box 54A, Pratt, KS 67124
HAWKINS , ROBERT, Wildlife Materials Inc, Rt 1 Box 427A, Carbondale, IL 62901
HAWKS, STEVE, Kansas Dep of Wildllfe & Parks, 3300 SW 29th , Topeka, KS 666 1 4
HAYS, ,JIM , Kansas Dep o f Wildlife & Parks, 1 1 1 4 Spring, Ellsworth , K S 67439
HEEKIN, PARTICIA E, University of I daho, PO Box 39 1 , Riggins, ID 83549
HEGGEMANN, LARRY, Missouri Dep of Conservation , Rt 1 , Puxico, MO 63960
HEIN, TOM, Martha Lafite Thompson Nature Sanctuary, 407 N Lafrenz, Liberty , MO 64068
HEINEN, ROSEMARY, Missouri Dep of Conservation , PO Box 25 1 , Auxvasse, MO 6523 1 ,
HENSHAW, MIKE, Kentucky Dep of Fish & Wildlife Resources, 2 1 0 Kentucky 1 38 E , Rumsey , KY
42371
HERRON, JO HN S C, Kansas Dep of Wildlife & Parks, Rt 2 Box 54A, Pratt, KS 67124
HETTENBACH, BART, P & H Ranch , Rt 2 Box 1 50, Haskell, OK 74436
HLAVACHICK, BILL D, Kansas Dep of Wildlife & Parks, Rt 2 Box 54A, Pratt, KS 67124
HOAR, DICK, Oklahoma Dep of Wildlife Conservation , 25849 Willow , Broken Arrow , OK 740 14
HODGES, JEF, Quail Unlimited, 382 NW Hwy 18, Clinton , MO 64735
HODGKINS, TONI , Ft Sill Fish & Wildlife, Rt 1 Box 1 1 4, Faxon , OK 73540
HOPPER, LEONARD, Kansas Dep of Wildlife & Parks, 190 Franklin , Colby, KS 67701
HORTON, RUSS, Oklahoma Dep of Wildlife , Rt 2 Box 238, Norm an , OK 73071
HOUF, GARRY F, USDA Forest Service , 401 Fairgrounds Rd, Rolla , MO 65401
HOUF, LARRY , Missouri Dep of Conservation , Box 1 38, West Plains, MO 65775
HOUSTON, ALLAN, University of Tennessee, PO Box 389, Grand Junction , TN 38039
HOWE, CHARLES B, Kansas Dep of Wildlife & Parks, Rt 3 Box 269A, Junction City, KS 66441
HOWELL, DAVlD, Quail Unlimited, Rt 1, Stendal, IN 4 7585
HUEMPFNER, RICHARD, Advanced Telemetry Systems Inc, Box 398, Isanti, MN 55005
HULL, SCOTT, Kansas State University , Manhattan , KS 66506
HUNTLEY, JIMMY C, USDA Forest Service , 464 Pinecrest St, Prattville , AL 36067
HURST, GEORGE, Mississippi State University, Wildlife & Fisheries Dep, PO Drawer LW, Mississippi State, MS 39762
HUTCHINGS , MARK, Missouri Dep of Conservation , Rt 1 Box 250, Pierce City , MO 65723
HUTTON, TOM, Missouri Dep of Conservation , PO Box 180, Jefferson City, MO 65 1 02
JACKSON, KEITH, Missouri Dep of Conservation , 4020 Edgewood, Hannibal, MO 6340 1
JAYNE, PETE, Maryland Dep o f Natural Resources - Wildlife Division , PO Box 68, Wye Mills, MD
2 1 679
JOHNSON, BECKY, Kansas Dep of Wildlife & Parks, PO Box 1 525, Emporia, KS 66801
JOHNSON, RHETT, Auburn University, Rt 7 Box 1 3 1 , Andalusia, AL 36420
JOLICOEUR, ALAN, Tudor Farms Inc, 3675 Decoursey Bridge Rd, Cambridge, MD 2 1631
JONES, MICHAEL, Missouri Dep of Conservation , PO Box 271, Unionville, MO 63565
JULIAN, RICK, U.S. Fish & Wildlife Service , 1 Federal Dr, Whipple Federal Bldg , Ft Snelling, MN
551 1 1
JUMP, STUART B , Missouri Dep o f Conservation , Rt 1 Box 62, Miami, MO 65344

204

Church and Dailey: Full Issue
1 94

Quail III
KEITER, JOHN, Kansas Dep of Wildlife & Parks, Rt 1 Box 6, Maple City, KS 67 1 02
KELLY, GENE, Missouri Dep of Conservation, PO Box 180, Jefferson City, MO 65 1 02
KEYSER, PAT, Virginia Game Dep, HC 6 Box 46, Farmville, VA 2390 1
KIMMEL, FRED, Louisiana Dep Wildlife and Fisheries, PO Box 98000, Baton Rouge, LA 70898
KISSINGER, ED, Missouri Dep of Conservation, PO Box 180, Jefferson City, MO 65 1 02
KLUTE, DAVID, Kansas State University, Manhattan, KS 66506
KORTHAS, KENT, Missouri Dep of Conservation, 1 0 1 4 Thompson Blvd, Sedalia, MO 65301
KOZICKY, ED, Olin Corporation (Retired) , 8 1 7 Southmoor, Godfrey, IN 62035
KOZLOWSKI, LIN J, Missouri Dep of Conservation, PO Box 250, Clinton, MO 65735
KRAMER, JOE D, Kansas Dep of Wildlife & Parks, Rt 2 Box 54A, Pratt, KS 67124
KRAMER, KEVIN, Cedar Creek Land & Timber Inc, PO Box 1 769, Brewton, AL 36427
KUIPER, KENNETH A, Soil Conservation Service , 760 S Broadway, Salina, KS 67401
KURZEJESKI , ERIC, Missouri Dep of Conservation, 1 1 1 0 S College Ave, Columbia, MO 65201
KUVLESKY, WILLIAM P, USAE Waterways E xp Sta, 3909 Halls Ferry Rd, Vicksburg, MS 39 180
LANGE, CARROLL A, Kansas Dep of Wildlife & Parks, 1221 E 7th , Winifield, KS 67156
LAYTON, BEN, Tennessee Wildlife Resources Agency, 4050 Canoe Branch Rd, Lebanon, TN 37087
LEE, CHARLES D, Kansas Dep of Wildlife & Parks, KS State University, Call Hall Rm 129,
Manhattan, KS 66506
LEE, JEFFERY, Mississippi State University, Wildlife & Fisheries Dep, PO Drawer LW, Mississippi
State, MS 39762
LEIF , TONY, South Dakota Game Fish & Parks, PO Box 915, Huron, SD 57350
LEIFIELD, TOM, Missouri Dep of Conservation , Rt 3 Box 223, Rich Hill, MO 64779
LEKIE, DAN, Kansas Dep of Wildlife & Parks, 9539 Alden, Lenexa, KS 662 1 5
LEOPOLD, BRUCE, Mississippi State University, Wildlife & Fisheries Dep, PO Drawer LW,
Mississippi State , MS 39762
LINEBARGER, EDDIE, Arkansas Game & Fish C',ommission, PO Box 35, Scotland, AR 72 1 4 1
LITTLE, RON, Kansas Dep o f Wildlife & Parks, R t 1 Box 1 8 1 , Sylvan Grove, K S 67481
LOGSDON, CHARLES, Kentucky Dep of Fish & Wildlife Resources, 1 0535 Ogden Landing Rd, Kevil,
KY 42053
LYON, MARY, Missouri Dep of Conservation, PO Box 180, Jefferson City, MO 65 1 02
MADISON, ANDY, University of Kentucky , Dep of Forestry, Lexington, KY 40546
MANLEY, SCOTT, Mississippi State University, Wildlife & Fisheries Dep, PO Drawer LW, Mississippi State, MS 39762
MARTIN, DON, Missouri Dep of Conservation, 1907 Hillcrest Dr, Columbia, MO 65201
MARTIN, MIKE, Missouri Dep of Conservation, PO Box 1 1 28, Rolla, MO 65401
MASTERS, RONALD E, Oklahoma State University, Forestry Dep , 240 Ag Hall, Stillwater, OK
74078
MCCLOSKEY, KEN, Kansas Dep of Wildlife & Parks, Rt 2 Box 153, Stockton, KS 67669
MCCOY, TIM, Missouri Dep of Conservation, Box 356, Atlanta, MO 63530
MCDEVITT, DENNIS, Missouri Dep of Conservation, PO Box 38 1 , Eldon, MO 65026
MCFADDEN, MIKE, Kansas Dep of Wildlife & Parks, Rt 5 Box 227-A2, Lawrence, KS 66046
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MECHLIN, LARRY, Missouri Dep of Conservation, l l 10 S College Ave, Columbia, MO 65201
MENGEL, DOREEN, Missouri Dep of Conservation , 823 Sunset Dr, Macon, MO 63552
METZ, CRAIG, EM-SCAN, 3420 Constitution Dr, Springfield, IL 62707
MILLER, BRIAN K, Purdue University, 7925 E 700 South , Lafayette, IN 47905
MILLER, EDWIN J, Kansas Dep of Wildlife & Parks , PO Box 945, Independence, KS 67301
MILLER, MITCH, Missouri Dep of Conservation, PO Box 850, Van Buren , MO 63965
MITCHENER, MIKE, Kansas Dep of Wildlife & Parks , 310 Beech , Liberal, KS 67901
MOORE, PATTY, Virginia Dep of Game & Inland Fisheries, 4792 Anderson Hwy, Powhatan, VA
23139
MOORE, GREG , Delaware Division of Fish & Wildlife , 89 Kings Hwy, Box 1 40 1 , Dover, DE 19903
MUELLER, BRAD, American Wildlife Enterprises, 4282 B Brewster Rd, Tallah asse, FL 32308
MUSSER, TERRY, Illinois Dep of Conservation, 524 S Second St, Springfield, IL 62706
NELSON, TOM, Arkansas Tech University, Wildlife Program , McEver Hall ATU, Russellville , AR
72801
NICHOLS, GREG, Kansas Dep of Wildlife & Parks, Rt 1 Box 181 Sylvan Grove , KS 67481
NIEMEYER, DOYLE, Kansas Dep of Wildlife & Parks, Box 777, Chanute, KS 66720
NORWAT, DONALD H, Missouri Dep of Conservation, 1 3 10 1 Ranson Rd, Lee's Summit, MO 64063
NYHOFF, MIKE, Kansas Dep of Wildlife & Parks, Rt 1 Box 162 A, Glen Elder, KS 67446
OLINDE, MIKE, Lo uisiana Dep Wildlife & Fisheries, PO Box 98000, Baton Rouge, LA 70898
OWEN, DAVE, Soil Conservation Service , PO Box 265, Oran , MO 63771
PACE, RICHARD M III, Louisiana Cooperative Fish & Wildlife Research Unit, LA State University,
Baton Rouge, LA 70803
PARSONS, SCOTTY, Temple-Inland Forest Products Corp, PO Drawer N, Diboll, TX 7534 1
PATTON, DON, Kansas Dep of Wildlife & Parks, Box 777, Chanute, KS 66720
PEDITTO, PAUL, Maryland Dep of Natural Resources - Wildlife Division , PO Box 68, Wye Mills,
MD 2 1679
PENNOCK, JEFF, Missouri Dep of Conservation, 2500 S Halliburton , Kirksville, MO 63501
PEOPLES, ALAN, Oklahoma Dep of Wildlife Conservation , 1801 N Lincoln, Oklahoma City, OK
73152
PESCH, TODD, Kansas Dep of Wildlife & Parks, 8420 N Broadway , Valley Center, KS 67147
PETERSON, CLIFF, Kansas Dep of Wildlife & Parks, 8420 N Broadway, Valley Center, KS 67147
PETERSON, LEROY R, Wisconsin Dep of Natural Resources, 1 350 Femrite Dr, Monona WI 537 16
PETRICK, CARL, Eglin Air Force Base, Natural Resources, Jackson Guard, 1 07 Crestview Ave,
Niceville, FL 32578
PEYTON, GEORGE, Swan Lake National Wildlife Refuge, Rt 1 Box 29A, Sumner, MO 6468 1
PHILLIPS, BILL, Missouri Dep of Conservation, 2630 N Mayfair, Springfield, MO 65803
PIERCE, ROBERT A II, University of Missouri, 1 -3 1 Agriculture Bldg , Columbia, MO 652 l l
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